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Abstract 
Energy consumed in active heating, ventilation and cooling accounts for about 40 per 
cent of the total energy used in a typical Australian house. Passive solar design, by 
which one can take advantage of the natural climate, is found to be one of the key 
methods to minimise or even sometimes eliminate the need for active heating and 
cooling energy. The passive solar design includes consideration of the building 
orientation and careful design of the building envelope, such as roof, walls, windows, 
floor systems and thermal mass; with an overall aim of controlling the heat flow in or 
out of the building.  
The main aim of this study is to demonstrate the opportunity of energy conservation 
between houses with different construction systems that varies in thermal mass. A 
number of test houses, detached dwellings on a typical land area of 400 m2, were used 
to achieve the objective via parametric simulation of a series of scenarios. The 
simulation scenarios were based on different sub-flooring construction systems and 
walls. Integrated shading devices, thermal mass, orientation, and glazing, along with 
ventilation and infiltration rates, were considered in each scenario with different 
compositions. Internal air movement between the two floors of a two-storey house was 
simulated in each of the scenarios by calculating the air movement through the 
staircase. These analyses were carried out using commercially available off-the-shelf 
Building Energy simulation software called IDA Indoor Climate and Energy (IDA 
ICE). 
The energy saving values over the life span of the building were computed and 
compared between the standard houses which do not have passive solar design 
strategies and improved houses, which incorporate passive solar design strategies. The 
results show that the, improved houses are more energy efficient and cost-effective 
than standard houses over the considered life span of 50 years. Applying Passive solar 
and Energy Efficiency Design Strategies (PSEEDS) to old fibro and modern brick 
houses effectively reduced the total energy required for cooling and heating by 43% 
and 46%, respectively. Increasing the thermal mass of a house using, for example, a 
concrete slab for flooring and brick veneer walls, can significantly reduce the annual 
energy requirements of both standard and improved houses by 35% and 39%, 
 iv 
 
respectively. Hence, a typical brick veneer house is more energy efficient than a typical 
fibro house. 
In addition, when a brick veneer house (which is a most common modern construction 
in Australia), is incorporated with PSEEDS, it is possible to reduce energy 
consumption by as much as 65% compared to a standard fibro house. In addition, the 
improved reverse brick veneer house performed better than the improved brick veneer 
system by 24%.  
The results obtained in this study indicate that the reverse brick veneer houses are more 
energy efficient than alternative construction systems over their lifetime. 
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Chapter One 
Introduction 
 
1.1 Background 
In Australia, the residential sector consumes 26 percent of total energy production 
(Australian Bureau of Statistics 2014), among which heating and cooling account for 
40 percent of household energy use (Energy Rating Australia 2017). During the period 
from 1988 to 2008, space heating and cooling loads increased by 12 per cent per house 
per year and this increase is projected to continue over the next ten years (ABS 2008). 
One out of five Australian households uses solar energy (Australian Bureau of 
Statistics 2008). Reducing the total energy consumption for both heating and cooling 
in a residential building is possible through the use of passive solar design and the 
careful improvement of building materials. The introduction of the Building 
Sustainability Index (BASIX) in 2004 in New South Wales (NSW) and the Building 
Code of Australia (BCA) in Australia has led to improvements in the efficiency of the 
national building envelope. Designing a house with passive solar design strategies is 
an essential step to build an energy efficient residential building that can provide 
thermal comfort to occupants. Optimising building materials is also an important 
process that can achieve energy conservation. Previous studies [Peterkin, 2009, Zhu et 
al 2009, Robati et al 2017] investigated utilising the thermal mass to reduce heating 
and cooling energy requirements. However, these studies did not consider the impact 
of the thermal mass of external walls on total energy load [Peterkin, 2009] and utilised 
construction systems that increase the cost of the house quite significantly [Zhu et al 
2009]. 
A number of studies have explored the energy requirements for residential buildings 
through either computer simulation or field studies. In previous studies [Bambrook et 
al 2011, Bambrook et al 2009, NSW department of environment 2017, Inglis 2013, 
Hasan et al 2008, Morrissey et al 2011], using different simulation software such as 
IDA-ICE and AccuRate, 
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program which can simulate the indoor climate of individual zones, as well as the 
energy requirements of an entire building. IDA-ICE can simultaneously assess all 
fundamental issues related to the design of a building: envelope, glazing, HVAC 
system, windows and shadings, occupants’ behaviour, etc. Bambrook et al 2009 
conducted a study in Australia using IDA-ICE as a simulation programme, to measure 
the heating and cooling energy performance between reverse brick veneer and brick 
veneer houses. Authors found that reverse brick veneer houses consume less energy 
than the standard brick veneer house. These savings in energy are due to the internal 
layer of the wall which acts as a thermal mass and this contributes to the moderation 
of room temperature. However, the test houses used was based on a single storey house 
with a single zone area to simulate. All the windows were considered to be installed 
on the northern side of the house, which is impractical to achieve in an actual house. 
Moreover, the author neglected the effect of internal air movement by considering the 
entire house as a single zone.  
In this study, a comprehensive review of the existing literature was performed in order 
to understand problems with a model and identify resources and skills required to 
perform the research. During this part of the study, the most recent knowledge 
concerning passive solar strategies and improving of building materials was 
investigated. This stage has been completed and the gap in knowledge relevant to this 
topic was identified in Chapter 2. Ten scenarios were analysed and simulated, based 
on three different thermal mass floor systems: high or low thermal mass floors and 
improved low thermal mass floors. Figure 3.1 describes the steps of the methodology 
adopted in this study.  
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1.2 Thesis outline 
Chapter two discusses past literature to increase knowledge regarding passive solar 
design strategies and thermal mass and how it does affect the energy performance for 
the residential sector. Chapter two also explore knowledge gaps and develop research 
objectives. Chapter three discusses the methodology and the condition which the 
simulation was carried under for the test houses. Chapter four examined the energy 
performance for cooling and heating between an old fibro house with raised floor and 
a brick veneer house with concrete slab on ground. Chapter five discusses five different 
construction system and compare between the energy performance for cooling and 
heating for each of them. Finally, Chapter six sums up the conclusions and 
recommendation. 
1.3 Overall objective of the research and methodology 
In this research, a house was designed using commercially available software 
computer software (IDA ICE 2007). This house was analysed in various scenarios to 
measure the annual total energy load. A detached dwelling with four bedrooms and 
two stories connected by a stair case was considered. Ten scenarios were analysed and 
simulated, based on three different thermal mass floor systems: high or low thermal 
mass floors and improved low thermal mass floors. Each scenario differed from other 
scenarios analysed in materials and application of PSEEDS.  
Passive solar and Energy Efficiency Design Strategies can be categorised into two 
different parts. The first is passive solar heating, which means utilising solar energy to 
heat the house during winter. The second part of the passive solar design is passive 
cooling, which is simply the cheapest way to maintain thermal comfort in a house 
during summer. Orientation, thermal mass, ventilation and infiltration rates are factors 
that need to be considered when designing for passive solar design in a house. The 
concept of passive solar design means that a house will take advantage of the outside 
climate to maintain a comfortable temperature for the occupants inside the house. 
Applying passive solar design strategies during the design stage of a house is highly 
recommended. From an economic point of view, it is easier to implement such 
strategies before constructing the house. However, substantial and simple renovations 
to any existing building can also offer cost effective opportunities to upgrade thermal 
comfort (Suarez &Agüera 2015). 
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Over the last decade there has been a significant change in the way how the energy 
consumption of a building is analysed. Since the introduction of building energy 
simulation programs, it has become easier to assess energy efficiency of buildings, for 
both existing and yet-to-be-built houses.  
This research aims to investigate the energy performance of a typical Australian house 
in NSW using energy simulation software IDA ICE. Different house models were 
created to consider and analyse the effectiveness of various construction systems and 
passive solar design strategies.  
Achievement of these objectives will identify the energy consumption for different 
construction systems currently used in Australia, such as PSEEDS. It is expected that 
this analysis will help in developing energy efficient new houses.  
1.3 Energy simulation software 
For this research a simulation software was required. There are several different 
software tools that can be utilised to calculate the total energy load of residential 
buildings; however, only a few of them can consider all the various parameters 
required for this research. It was found that the Indoor Climate and Energy simulator 
IDA ICE (IDA ICE 2007) is one of the few tools which can support various scenarios 
with different materials aimed for this research. This section covers a brief capacity 
statement of the IDA ICE. 
The IDA ICE can simulate natural and hybrid ventilation, whether it is driven by fans, 
wind and buoyancy, air flow between zones, or through envelope and systems. IDA 
ICE is a whole year dynamic multi-zone simulation program which can study the 
indoor climate of individual zones, as well as the energy requirements of an entire 
building. IDA ICE can simultaneously assess all fundamental issues related to the 
design of a building: envelope, glazing, heating, ventilation, and air conditioning 
(HVAC) system, windows and shadings, occupants’ behaviour, etc. All of Australia’s 
weather zones can be supported in this simulation program. 
 The accuracy of IDA ICE was validated in Kropf and Zweifel (2001) using test cases 
defined by the European Standard CEN 13791 and found to be within the standards. 
This standard is used by specialists to develop and validate methods for the hourly 
calculation of the internal temperature of a single room (the International Organization 
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for Standardization 2012). There are several applications for such methods, for 
instance, evaluating the risk of overheating in a room, improving the parameters of a 
building (thermal mass, solar protection, ventilation rate, etc.). this is important to 
ensure thermal comfort for occupants, assessing the requirement of having mechanical 
ventilation for any building. Furthermore, boundary conditions, equations and 
validation tests have been specified in this standard for each calculation procedure.  
Kropf and Zweifel’s (2001) validation report described the application of the CEN 
13791 standard to the simulation program IDA ICE, described the test cases and the 
implementation of the geometries, and explained the boundary conditions to IDA ICE.  
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Chapter Two 
Literature Review 
2.1 Introduction 
Effective heating and cooling of residential houses is critical in Australia. Considering 
the temperature fluctuations in NSW’s climate, there is a need for temperature-
efficient residential houses in NSW, in particular (Impact of Climate Change 2018). 
Technology can be used to ensure that residential buildings satisfy the energy 
requirements of building standards. The residential sector is responsible for 25% of 
Australia’s total energy consumption (Origin Energy 2017). Accordingly, Australian 
energy policymakers have increasingly focused on energy conservation in major 
buildings. As illustrated in Australia, and in NSW in particular, energy efficiency 
policies include a mix of regulatory, disclosure and financial approaches (Torcellini et 
al. 2006). NSW has been identified as having more aggressive energy efficiency 
policies than any other region in Australia. The introduction of the Building 
Sustainability Index in NSW has led to improvements in average building shell 
efficiency in NSW (NSW Department of Environment 2017). Space heating and 
cooling loads have increased significantly over the last 10 years. Today, these loads 
comprise 40% of residential electric energy consumption. Thus, there is considerable 
potential to reduce household energy consumption by improving house designs, 
ventilation and insulation (Bambrook et al. 2011). 
2.2 Green building energy performance rating 
The energy performance of a building is a new valuation tool in the contemporary real 
estate sector. Mandatory energy performance certification and policies are existing 
worldwide which have helped developing energy performance rating schemes of 
buildings in countries like USA, Australia and Europe. ENERGY STAR and LEED of 
USA, Green star and NABERS rating of Australia, and Energy Performance 
Certificates (EPC) of Europe, are some of the tools used for assessing the energy rating 
of buildings. A comparative summary of these energy rating tools is presented in Table 
2.1. 
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Table 2.1: Review of international energy rating systems for buildings 
Rating tool Country Area of utilisation 
ENERGY STAR USA Non-residential buildings can receive ENERGY STAR 
certification if their source energy use achieves a specified 
benchmark level (Energy star 2016). The label is awarded to 
the top quarter of all comparable buildings, ranked in terms 
of source energy efficiency. 
LEED USA A certification program measures building on six distinct 
components of sustainability, one of which is energy 
performance. 
Green star certificate Australia Assesses the environmental potential of office buildings, 
establishing how they will perform under ideal 
circumstances based on design information and management 
processes. 
The National 
Australian Built 
Environment Rating 
System (NABERS) 
Australia 
Measures the environmental performance of Australian 
commercial buildings, residential buildings, and single-
family homes. 
Energy Performance 
Certificates  
Europe Evaluates the energy performance of commercial and 
residential buildings. 
 
An increase in the asset value and significant reduction in energy savings thus saving 
operational cost can be achieved by the virtue of applying and complying Green Star 
Certification (GBCA 2015). However, GBCA measures apply to commercial 
buildings only. The National Australian Built Environment Rating System (NABERS) 
can rate the efficiency of buildings, including residential dwellings, based on the 
monthly bills of the house. The energy and water consumption of a proposed house is 
compared to a typical home in the same area. This process can identify if the household 
is a high or low energy consumer. Average usage is calculated using the information 
from thousands of Australian homes. 
Other measures are available in Australia to improve the energy performance of 
residential buildings in the early design stages. Building Code Australia (BCA) 
provides such measures and used nationally to develop higher efficiency houses 
through a set of regulations. These regulations involve a few building and construction 
standards which aim to add safety, efficiency and cost-effectiveness of buildings in 
Australia. 
The NSW government developed BASIX, one of the most widely used sustainable 
planning measures in Australia. A BASIX assessment is mandatory for all new houses 
or developments that involve alterations, enlargement or extensions above A$50,000 
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(at the time of this research). The process involves evaluating a proposed development 
against the BASIX sustainability target (BASIX 2010), which aims to reduce the 
potable water and greenhouse gas emissions (GHGE) by 40 per cent each. The BASIX 
analyses design data of a proposed house and determines if how this performs against 
water and energy consumption targets. The house design must meet some specific 
targets to obtain a BASIX certificate. 
Figures in Australia’s residential building industry recognise the need to build 
environmentally-friendly housing in ways that do not negatively affect housing supply 
and affordability. Under the NSW Energy Saving Scheme, Home Energy Efficiency 
Retrofits are used to provide small businesses and households with an opportunity to 
access affordable, energy efficient and high quality retrofits. Energy conservation in 
residential buildings can be achieved by implementing highly efficient designs (Office 
of Environment and Heritage 2017). 
2.3 Passive solar design strategies 
Passive solar design can be categorised into two different parts. The first is passive 
solar heating, which means utilising solar energy to heat the house during winter. 
Designing for passive solar heating minimises the sun in summer while allowing for it 
during winter. Orientation, thermal mass, ventilation and infiltration rates are factors 
that need to be considered when designing for passive solar heating in a house. The 
second part of the passive solar design is passive cooling, which is simply the cheapest 
way to maintain thermal comfort in a house during summer. The factors that need to 
be considered to achieve improved passive cooling design include internal and external 
air movements, evaporative cooling and thermal mass (Maier et al. 2008). 
The concept of passive solar design means that a house will take advantage of the 
outside climate to maintain a comfortable temperature for the occupants inside the 
house (Schneider et al. 2015). The energy savings from implementing passive solar 
design can reach 40 per cent of the total energy used in an average Australian home 
(Inglis 2013). Applying passive solar design strategies during the design stage of a 
house is highly recommended. From an economic point of view, it is easier to 
implement such strategies before constructing the house. However, substantial and 
simple renovations to any existing building can also offer cost effective opportunities 
to upgrade thermal comfort (Suarez &Agüera 2015). 
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The first step in applying effective passive solar design strategies on any building starts 
with identifying the climate zone and the architectural design features of the building 
(Hamdani et al. 2014). It is essential to establish a good understanding of what thermal 
comfort means and what to expect while designing the building. The second step 
considers building orientation according to the sun’s path. The proper orientation of a 
house with respect to the sun’s path will maximise the advantage of climate features 
such as heat gain during winter or cooling breezes in summer (Kull et al. 2015). In 
Australia, the ideal orientation of a house should be elongated to open towards a 
private garden facing true north because the country is located to the south of the 
equator (Hollo 2011). A northern orientation maximises the exposure to the sun and 
reduces the heating requirements during winter. On the other hand, blocking the sun 
during summer is important to minimise the energy loads required for cooling the 
house. Orientation should also account for proper solar access to solar panels so they 
can be used for generating power. 
The use of integrated window shadings, glazing, eaves, shutters, solar pergolas and 
planting can block up to 90 per cent of summer heat gain (Persson et al. 2005). Proper 
design and installation of well-designed shading devices is essential, as the poor design 
of the shades could block the sun during winter or maximise the sun exposure in 
summer (Lai & Wang 2014). This can lead to an increase in the energy consumption 
within the house to maintain thermal comfort. Furthermore, uncontrolled air 
movements between the building and the outside highly influence the thermal 
efficiency of a building. Therefore, investment in achieving a satisfactory level of air 
tightness in the building envelope is required (Dequaire 2012). 
Furthermore, insulation also effectively reduces the required energy for heating and 
cooling in a house as it acts as a heat barrier to the heat flow (Dong, Soebarto & Griffith 
2014). The insulation also helps with the soundproofing and weatherproofing of a 
house. Selecting the insulation type should be based on the climate conditions for the 
designed house. A well-insulated home provides occupants with thermal comfort 
throughout the year.  
Glazing also contributes to energy conservation if correct design measures were taken 
into consideration during the design stage. Using proper glazing and considering an 
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adequate orientation reduce the required heat during winter through increasing solar 
heat gain. On the other hand, poor glazing design can significantly increase the energy 
requirement of a house; up to 40 per cent of a house’s heating energy can be lost in 
winter and, in addition, approximately 87 per cent of its heat gained during summer 
through glazing (Inglis 2013). 
Charron and Athienitis (2006) conducted a study exploring parameters that could 
minimise the energy requirements in a Net Zero Energy Solar Home (ZESHs). This 
home equally consumes and produces the same amount of energy. They examined an 
existing solar house in the United States of America (USA) (Lord & Lord, cited in 
Charron & Athienitis 2006). Based on the outcomes of their study, they set design 
guidelines, taking into account the strategy with which the house was initially designed 
and built. Furthermore, the study observed that the window area, photo voltaic (PV) 
collector area, thermal storage, orientation and the HVAC system are the predominant 
parameters to achieve ZESHs. It was also found that obstacles around the house, like 
trees, can block cold coming from wind and provide shade from the sun in summer. 
Bichiou and Krarti (2011) conducted a parametric study using a building energy 
simulator. The study aimed to assess the impact of various design and operating 
features to select the best for the energy system. Several design parameters were 
considered to reduce the heating and cooling energy loads of the building. These 
parameters were: 
1) building shape and orientation; 
2) wall and roof construction; 
3) windows type and sizes; 
4) characteristics of the HVAC system, such as their type, efficiency and 
operating settings. 
The study developed an improved environment by combining building envelope and 
HVAC system features, along with HVAC type and operation settings, to minimise 
the life cycle cost in the building. Bichiou and Krarti (2011) found that it was possible 
to reduce the Life Cycle Costs (LCC) of a house by 10 to 25 per cent if the house was 
built to the optimal design using a theoretical (computer) simulation. LCC is the sum 
of the present values of the investment and operating costs for the building and service 
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systems, including those related to maintenance and replacement, over a specified 
period of time. 
 
2.3.1 Natural ventilation and passive solar air heating through buoyancy 
effect 
According to Chan, Riffat and Zhu (2010), cooling and solar heating technologies have 
been developed to tame the emission of carbon dioxide through heating and ventilation 
mechanisms. Solar thermal operated mechanisms use active or passive solar energy to 
collect radiations from the sun and convert them into usable heat. The air flow in any 
building structure is controlled by the temperature dissimilarity of the air at the inlet 
and the outlet. The temperature differences bring about the density distinction of the 
air current resulting in warm air rising while the cold air drops. During design, the 
facades and the roof are designed in a manner to allow free movement of the air and 
heat currents into and out of the room. 
2.3.2 Trombe wall 
A Trombe wall is a wall with an exterior glazing and air channels in between that allow 
free movement of air to and from the room. The immense wall absorbs the solar energy 
through the glazing into the room where part of the energy is transmitted into the room 
through conduction (Chan, Riffat and Zhu, 2010). The cold air enters the room via the 
lower channel since it is denser than the warm air; ultimately displacing the warm air 
which streams upward due to the buoyancy effect (has a lower density). The warm air 
then goes back to the interior room via the higher channel. Drawbacks of the Trombe 
wall design, as illustrated by Chan, Riffat and Zhu (2010) are as follows: 
i. Low heat resistance- the wall transfers the heat flux absorbed from the interior 
to the exterior thus resulting in unnecessary heat loss from the room.  
ii. In case the wall is colder than the room temperatures, inverse air flow takes 
place where the lower channel receives warm air and the upper vent cold air 
causes a decrease in room temperatures. This phenomenon is known as an 
inverse thermal siphon. 
iii. Lower aesthetic value. 
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iv. The inlet and outlet vent designs affect the volume of air flow thus affecting 
the overall heating performance. 
v. The wavelength and frequency of the heating radiations keep on varying thus 
causing uncertainties of heat transfer.  
To minimise the effect of the drawbacks, new designs have been incorporated to 
improve the efficiency of air circulation. The improvements can be looked at in three 
dimensions; thermal insulation designs, inlet and outlet openings and air canal design. 
Modifiable dampers have been installed at the channels to regulate and control the 
cooling during summer and heating during winter. During winter the damper in the 
lower channel is closed while damper A is left open. During summer, damper B is 
opened while A is closed to necessitate the cooling through the buoyancy 
phenomenon. In a case where the room has no dampers, the vents are closed to prevent 
the flow of air from indoor to outdoor when the room temperatures are needed to be 
higher than the outdoor temperatures. This mechanism necessitates the air circulation 
as well as the thermal regulation in the room. 
 
Figure 2.1 shows classical Trombe wall (Chan, Riffat and Zhu, 2010) 
2.3.3 Solar chimney  
Based on Chan et al. (2010), the purpose of an air or solar chimney is to convert heat 
energy to kinetic energy to make it flow through the building thus providing a cooling 
effect. The driving force behind air circulation is the difference in air densities at the 
inlet of the chimney and the outlet. The solar chimney can be attached to the wall to 
serve the same purpose as a Trombe wall. The chimney transmits the warm air that 
heats up the air collector into the room hence acting as a passive heating mechanism. 
Additionally, the solar chimney can serve the function of a cooling mechanism during 
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high temperatures in the room. In the case of climate, the solar chimney serves the role 
of insulating the room against heat gain as illustrated below. 
 
 
Figure 2.2 illustrates solar chimney operation modes ( Chan et al, 2010) 
The operation of the solar chimney depends on the climatic conditions and in some 
cases; its operations need to be complemented with other cooling and passive heating 
systems. 
2.3.4 Unglazed transpired solar façade 
This is simply a metallic wall with perforated holes or channels that allow penetration 
of air into and out of the room. The heated air is then connected into a system of heating 
ventilation and air conditioning where the warm air is supplied to the required rooms. 
In regard to Chan et al (2010), the technology has been used extensively in Canada. 
The figure below indicates how the unglazed transpired solar facades operate. 
 
Figure 2.3 demonstrate schematic diagram for unglazed transpired solar façade (Chan 
et al, 2010) 
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2.3.5 Passive solar cooling via evaporative effect 
In this mechanism, the heat energy in the room is used to evaporate water that results 
in a cooling effect. This can be achieved either through direct or indirect evaporative 
cooling mechanisms.  In direct evaporative cooling, heat is converted into latent energy 
by evaporating the moisture in the air stream. The water in the stream is constantly 
circulated until the cooling effect is achieved. In an indirect cooling system there is a 
thermal exchange of one air stream with another through a heat exchanger (Chan et al, 
2010). The in-use air passes through the wet side while the product air circulates 
through the dry side. The wet air soaks up heat from the product air causing a cooling 
effect. 
Charron and Athienitis and Pasini (2006), in their article "Integrated design and 
optimisation issues for zero energy solar homes" state that houses can use solar 
photovoltaic and solar thermal technologies to generate energy. Such houses are called 
zero energy solar homes. In this case, designers choose the best house orientation and 
use the thermal mass and windows to ensure maximum ventilation and air 
conditioning. Various systems that necessitate achievement of zero energy solar homes 
(ZESH) include; photovoltaic, solar thermal collectors and proficient HVAC. Some of 
the design factors that influence the optimal utilisation of solar energy include 
landscaping, floor plan and general layout, windows and thermal mass features. 
2.3.6 Landscaping 
Based on Charron and Athienitis and Pasini, (2006), landscaping contributes 
significantly to the effectiveness of passive solar design. Trees are crucial elements in 
landscaping as they provide shade during summer and break cold air currents during 
winter. Additionally, trees can block direct solar radiation from heating the building. 
Through these actions, trees aid in the regulation of room temperatures. Photovoltaic 
cells should be located in a strategic position where there is minimal or no shading 
since tree shading affects the performance of the cells. 
2.3.7 Floor layout and house orientation 
The floor plan dictates the orientation of windows and other ventilating channels. 
Ideally, a simple rectangular house serves best in passive solar design by orienting the 
long axis to the south direction (countries located on the northern side of the equator). 
The internal room activities should correspond to the sun’s predictable path and 
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promote natural ventilation by designing large open spaces and permanent vents to 
allow effective air circulation between south and north zones. 
Similarly, lightweight surfaces should be painted in reflecting colours to ensure light 
and heat energy is directed to the large surfaces. 
2.3.8 Evaporative cooling  
The two common evaporative techniques include direct and indirect evaporative 
systems. In direct evaporative cooling, the reduction in temperature is followed by a 
moisture content decrease commonly used in residential buildings. In indirect 
evaporative system, evaporation is done in a cooling chamber where warm air is passed 
through cold water where loss of heat takes place resulting in a cooling effect 
(Santamouris, Sfakianaki and Pavlou, 2010). During the summer season, direct 
evaporative cooling is considered a suitable cooling method where there is a rise in 
humidity is desired. 
2.3.9 Nocturnal ventilation  
The cooling effect at night is brought about by the cold night air currents where the 
heat energy absorbed during daytime is reduced. Night ventilation can occur naturally, 
where air currents transfer due to pressure differences. The efficiency of this cooling 
technique relies on the temperature difference between the indoor and the outdoor air. 
The temperature differences result in pressure differences where the air currents move 
in the direction of reduced pressure. In most cases, warm air has low density hence 
moves up while the dense cold air moves down. 
Taleb, H.M. and Sharples, S., 2011, argues that the cooling ability of a room relies on 
a number of factors such as thermal potential of the building, air flow rae and 
appropriate coupling of thermal mass. Additionally, the location and the prevailing 
climatic conditions, affect the effectiveness of night ventilation (Schnieders, Feist and 
Rongen, 2015), as does the humidity and wind pressure.  
2.3.10 Priorities for passive cooling 
According to Suárez and Fernández-Agüera (2015) priorities need to be put in place 
when designing for passive cooling and heating mechanisms. Proper design enhances 
the efficient flow of air currents and sun rays thereby ensuring proper warmth as well 
as comfort in the room being occupied. Similarly, solar gains can be reduced to a 
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minimum through roof overhangs, building orientation in relation to land topography 
and reflective paint on wall and roof surfaces. Reflective surfaces reduce solar 
radiations entering the building thereby regulating internal temperatures. Materials 
considered for thermal insulation should have a high thermal resistance. Windows and 
glass doors are key elements to consider when designing for passive thermal regulation 
(Kull, Mauring and Tkaczyk, 2015). There should be a reasonable ratio between the 
window surface area and the general floor surface. Solar heat gain coefficient defines 
the performance of a glazed window and determines the magnitude of radiation that 
passes through the window compared to that reaching the window. 
2.4 Thermal mass 
Thermal mass is defined as the ability of the material to absorb and store heat from 
ambient air (Inglis 2013) and can release the stored heat when interior is colder than 
the thermal mass thus stabilises temperature within the building. Stable temperature in 
the building can lead to energy savings, while assuring thermal comfort to the 
occupants. Higher thermal mass property materials, such as concrete and brick, require 
more heat to change their temperature. In contrast, timber is considered a low thermal 
mass material as it has low ability in absorbing and re-releasing heat. Thermal mass 
acts as thermal storage, as it absorbs summer heat during the day and releases it by 
night. During winter, thermal mass absorbs the heat from the sun to release it into the 
house by night. This helps to keep the indoor temperature comfortable. However, 
insulation is still necessary to prevent unwanted heat from flowing into and out of the 
building. 
Designing thermal mass for a building must be integrated with other passive solar 
design strategies. This integration means designing proper orientation, glazing areas, 
shading devices, ventilation, infiltration and insulation. 
 
Figure 2.4: Thermal mass performance during summer and winter (Inglis  2013) 
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Baggs and Mortenson (2006) conducted a study in Australia where they defined the 
relationship between glazing and thermal mass (walls and floor) in different climate 
zones. In Sydney, they recommend designing a glazing area that forms 12-15 per cent 
of the total floor area of the building, if single glazed windows were used. The glazing 
area increased to 17 per cent if double glazing was utilised because it has a lower U 
value. They also recommend that high thermal mass flooring, like a concrete slab on 
the ground, is preferable to raised flooring in most climates because of its greater 
thermal mass property. This is due to its direct contact with the ground. 
Charron and Athienitis (2006) studied the relationship between thermal mass and the 
area of glazing in the USA. They observed that the optimal amount of glazing was 
related to the total heated floor area and the total thermal mass. Their results generally 
suggested that houses with glazing facing the south should range between 7 per cent 
and 12 per cent of the total floor area. Improved thermal mass usually varied, 
depending on the wall composition and material properties.  
Better thermal mass performance is related to the location of that thermal mass. 
Analysing the highest energy consumption helps to determine the best location for 
thermal mass. Higher heating energy consumption means thermal mass needs to be 
located in indirect sunlight and protecting thermal mass from sunlight with shading 
devices and proper insulation if cooling energy loads are high (Baggs & Mortenson 
2006). 
The main characteristics that determine the performance of thermal mass are: 
• Density – higher density materials are high in thermal mass, like concrete. 
• Thermal conductivity – the effectiveness of thermal mass is determined by the 
capacity to absorb and release heat storage. Heat will escape from low 
conductivity materials, like rubber, before being stored. On the other hand, if 
conductivity is high, heat will be released in a very short period of time, like 
steel. Therefore, using brick or concrete will be preferable because of their 
high-density property and good conductivity (Inglis 2013). 
• Thermal lag – can be defined as the time required for the heat to be stored and 
re-released by any un-insulated materials (Inglis 2013). Thermal lag is 
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dependent on thermal conductivity, thickness, insulation and the difference in 
temperature between the two sides of the wall. 
Bambrook, Sproul and Jacob (2009) conducted a study in Australia where they 
analysed the thermal mass performance of a residential test house using IDA ICE. In 
their study, reverse brick veneer walls were utilised instead of brick veneer. This was 
to allow the bricks to contribute to moderating the room temperature by acting as a 
thermal mass. According to Athienitis and Satamouris (2002), a wall thermal mass 
thickness value of 200 mm is better value for residential buildings while Mithraratne 
and Vale (2006) suggest that a thermal mass thickness of 100 mm is the better value. 
Bambrook, Sproul and Jacob (2009) examined different thicknesses of the thermal 
mass for the walls and roof. They concluded that thermal mass thickness at a value 
of 200mm would reduce fluctuations in room temperature. However, this value may 
also vary due to different material properties, such as density and thermal 
connectivity. Furthermore, they advised having a greater surface area when designing 
thermal mass for any house. This will increase the amount of transferred heat 
between the air and the thermal mass (Chiras 2002). However, the test house used in 
the Bambrook, Sproul and Jacob (2009) study was a single storey house with a single 
zone area to simulate. Windows were clustered on the northern side of the house for 
faster simulation process. Moreover, neglecting the effect of internal air movement 
between a multi-zone house and the internal thermal mass of the partition walls will 
impacts the total energy loads of the model, besides reducing the solar sun effect on 
the house model if windows are not on the other sides of the house. 
Peterkin (2009) conducted a study in Perth where sample houses were simulated 
using the simulation program AccuRate. Different construction systems were used, 
while various parameters were applied to the models (orientation, glazing and 
shading devices). The results indicated the importance of internal thermal mass in 
reducing summer cooling loads. However, external wall materials were not 
considered a significant factor in reducing heating loads during winter. This is in 
contrast to Inglis (2013) who reported external walls are the major contributor to the 
total thermal mass performance of a house during winter and summer. Thermal mass 
definition clearly indicates the ability of walls to store the heat from the ambient air 
and re-release it to the internal area of a house, as proven by other studies (Dong, 
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Soebarto & Griffit 2015) which demonstrate the thermal mass impact on reducing 
the total energy loads. 
2.4.1 Thermal mass, windows and other envelope features 
Thermal mass plays a critical role in the design of passive solar houses. The mass 
permits more heat and air volume to be captured and then distributed to other rooms. 
The modulation prevents temperature swings in the house. The thermal mass in any 
building is dictated by the size of glazing used and the construction material used. 
For instance, a house that uses timber frames has particular thermal mass similar to 
ceramic tiles and gypsum boards (Charron, R. and athienitis, A., 2006). 
 The volume of thermal mass required is influenced by the location of the mass. For 
instance, a mass receiving indirect warm air from the living room is said to require 
four times more area as the same mass receiving direct sun to provide the required 
thermal efficiency.  
 
Figure 2.5 shows photovoltaic cells, solar thermal, thermal storage components and 
HVAC (Charron et al 2011) 
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2.4.2 Coupling of thermal mass and natural ventilation 
Zhou et al. (2009) examined the use of coupling thermal mass and natural ventilation 
in passive solar energy. Natural ventilation can be integrated with thermal mass to 
adjust the room temperatures in passive cooling systems to ensure internal thermal 
comfort. According to Zhou et al., (2009), the purposes of ventilation include 
maintaining suitable indoor air quality, cooling building’s thermal mass and 
providing comfort to the occupants. 
Zhou et al. (2009) describe two types of thermal mass: internal thermal mass and 
external thermal mass. Internal thermal mass constitutes the indoor furniture and 
fixtures that absorb and release heat to internal spaces in a room. Internal thermal 
mass exposes and releases air to the internal environment within the room. External 
thermal mass constitutes thermal transmission within the exterior surfaces of the 
building envelope constituted of roofs and walls. The external building envelope 
connects the internal environment with the external thereby striking a balance 
between the two to ensure efficient air circulation and comfort in the room. Both 
internal and external thermal mass significantly impact the natural ventilation in a 
room. 
The three common modes of heat transfer in a building include convection, radiation 
and conduction. Temperature variations take place in a room during the day and at 
night due to changes in solar radiation. Various mechanisms are used to analyse the 
thermal variations in a room. These methods include harmonic method, reaction 
factor method and Z-transfer function method. The harmonic method is commonly 
used in the analysis of periodically changing temperatures. Hence, it is mostly used 
in engineering calculations and heat and ventilation analysis. 
 
Figure 2.6 shows natural ventilation in a simple building (Zhou et al., 2009) 
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In their article, Zhou et al. (2009) analyse the impact of both external and internal 
thermal mass on the indoor air temperature using walls with different configurations. 
They discovered that the internal thermal mass impacts the decrement factor of 
internal air temperatures. The sum of the average outdoor air temperature and 
temperature increases induced by internal heat source gives the average indoor air 
temperatures in a case where the external wall is well insulated. 
Passive cooling is a multidisciplinary process that is discussed under the prevention 
of heat gains, modulations and thermal dissipation. Passive daylighting and cooling 
provide comfort in the internal environment and reduce energy consumption. Heat 
dissipation deals with the release of heat energy to the sink which may include 
ground, sky, water or ambient air. The dissipation of excess thermal energy from the 
internal building space to the environment depends on two key aspects. 
• The presence of good environmental heat sinks with sufficient temperature 
difference to allow heat transfer. 
• The efficient heat coupling between the sink and the building (Inglis 2013) 
2.5 Energy simulation models 
The importance of building energy simulation programs to analyse the total energy 
performance of buildings and thermal comfort of their occupants during the life cycle 
of that building is increasingly being recognized around the world. This is largely 
driven by the ongoing development of low energy buildings and moving towards 
structuring better building energy codes that can effectively reduce energy and gas 
emission. 
The international building performance simulation association (IBPSA) is currently 
developing a web-based engine that helps to identify the capability of various 
simulation programs Building Energy Software Tools (BEST 2016). This web engine 
could be the first step for any study to compare and then choose the appropriate 
simulation program, thus promoting the science of building simulation and leading to 
significant improvements in the design, construction, operation, and maintenance of 
new and existing buildings. 
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Several commercially available simulation software programs can simulate the whole 
energy performance of buildings during the day throughout the year (Table 2.5). In 
this research, different studies have been reviewed based on two simulation programs, 
IDA ICE and AccuRate to understand their capabilities thus assisting to choose one 
for this thesis. 
2.5.1 IDA ICE  
IDA ICE is a simulation software developed by Aqua Sweden for research into 
investigating low energy houses by many researchers worldwide. It is also widely used 
in Australia. Bambrook, Sproul and Jacob (2009) investigated the annual energy 
required in a residential house in Sydney using a computer energy simulator IDA ICE. 
The aim of the study was to reduce the space heating and cooling energy requirements 
to the point where no heating and cooling systems were required. They concluded that 
an operationally zero energy house could be achieved by installing a photovoltaic 
thermal (PVT) system. 
The study examined four key building physics: thermal mass, insulation, ventilation 
and infiltration rates. Bambrook, Sproul and Jacob (2009) investigated the optimal 
insulation thickness with respect to cost and recommended utilising insulation with a 
thickness of 200 mm with R = 5.7K. m²/W value for the wall, floor and ceiling, and R 
= 1 K. m²/W value for the roof. They indicated that the optimal thickness of bulk 
insulation (with thermal conductivity of 0.04W/m2.K) varied from 150 to 200 mm. 
Since the aim of their study was to achieve a zero-energy house, the maximum value 
of 200 mm was taken. 
The Bambrook, Sproul and Jacob (2009) study generally achieved good results for a 
design that could keep optimal indoor temperatures during the year. Optimising 
thermal mass to 200mm and controlling infiltration rates, along with installing 
insulation with high R value of 5.7 (m2K)/W, was recommended for a residential house 
in Sydney. These recommendations were based on different results obtained from 
previous study cases that used IDA ICE as a simulation program. However, the house 
being a single zone unit with windows grouped to one side could result in different 
values for energy requirements and, consequently, different energy loads. Other 
parameters can be utilised to reduce energy requirements, such as the building 
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orientation with passive solar design. These parameters can minimise the energy 
consumption without using materials with higher specifications.  
Bambrook, Sproul and Jacob (2011) later examined the passive solar design of a house. 
This study considered the following parameters: 
• ventilation and infiltration rates; 
• insulation of the building envelope;  
• thermal mass properties; and 
•  high performance windows with shading and glazing area depending on the 
orientation. 
In another earlier study conducted by Bambrook, Sproul and Jacob (2009), a simple 
detached house was optimised using IDA-ICE software. The optimised best 
performing design was then compared with a similar house designed to meet the 
BASIX energy efficiency requirements of NSW in two different stages. The first stage 
involved simulating the simple house where the thermal mass, ventilation and 
insulation were varied independently; the aim of this stage was to achieve a zero-
energy requirement. The second stage used a multivariate optimisation method on a 
larger set of variables to highlight the interdependency of these parameters. 
Structural insulated panels (SIP) which consist of an insulating layer of rigid core 
sandwiched between two layers of structural board, used as a building material were 
utilised for both the walls and roof and the performance of the case model was 
compared against another model with brick veneer walls (BASIX model). As the cost 
of the SIP is high compared to the brick veneer system, the authors suggested that SIP 
can form the supporting structure of the building. Accordingly, the time/ labour cost 
will be reduced by 20-30 per cent from the brick veneer system. 
SIP panels consist of extruded polystyrene foam between two steel sheets. They are 
available in a different range of insulation values (R- value 1.3-6.5K. m²/W). In this 
study, the BASIX model had fibreglass insulation with 100mm thickness due to the 
limited thickness of the wooden framework. Ventilation rates were taken into account 
for both BASIX and the case study models. The model’s infiltration rate was set to 1 
Air Change per Hour (ACH) at a pressure difference of 50 Pascal (Pa), while the 
BASIX model had 2 ACH at a pressure difference of 50 Pa. Assuming that the model 
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had a tighter envelope design than the BASIX model, this would result in lower energy 
requirements for heating and cooling. 
A single glazed panel window system with an aluminium frame was implemented in 
the BASIX model, while double glazed windows with timber frames were installed in 
the base model. Double glazed windows with timber frame were expected to have 
higher R-values compared to the single glazed windows with aluminium frames. 
Window orientation was also taken into consideration when calculating the glazing 
areas. Following the general recommendations, the total area of windows facing the 
north (windows facing the equator in Australia) were maximised to improve the heat 
gain during the winter with shading devices being used to reduce the heat gain during 
the summer. In the model, vertical shading devices were used over the windows on the 
east, west and south. These shades remained closed when the radiation incident on the 
windows was greater than 100 w/m2. On the northern side, a solar pergola was used, 
as shown in Fig 2.2, allowing the winter sun coming in while blocking the summer 
sun. However, a vertical shading device was still needed during the hot season 
(December to March). 
The comparison of the results found that the BASIX house design required 12,402 
kWh/year of energy compared to 252 kWh/year in the of case study house. This is a 
significant reduction in energy requirements compared to the BASIX model. However, 
BASIX energy loads, in regard to heating and cooling, were not met by following the 
BASIX design recommendations concerning the thermal comfort requirements 
(Bambrook, Sproul & Jacob 2011). However, the simulation was based on a single 
storey house with only one zone. Moreover, the study did not consider the concrete 
slab-on-ground flooring system, which is the common flooring system with brick 
veneer walls. Therefore, it may not be realistic to apply these results to a typical double 
storey house with multi-zones in Australia. 
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Figure 2.7: Solar pergola (Bambrook, Sproul & Jacob 2011) 
 
2.5.2 Life Cycle Cost Analysis 
Hasan, Vuolle and Sirén (2008) conducted a study aiming to minimise the Life Cycle 
Cost (LCC) for a single family detached house through combining simulation and 
optimisation. IDA ICE simulation software was engaged for the building simulation, 
while Gen Opt was used for the optimisation. GenOpt is an optimization program for 
the minimization of a cost function that is evaluated by an external simulation program, 
such as EnergyPlus, TRNSYS, Dymola, IDA-ICE or DOE-2. It has been developed 
for optimization problems where the cost function is computationally, (Hasan, 
Vuolle&Sirén 2008), considering the following parameters:  
1) insulation thickness of the external wall; 
2) insulation thickness of the roof; 
3) insulation thickness of the floor; 
4) U value of the windows; and 
5) heat recovery type 
During the simulation, the first three parameters were set as continuous variables, 
while the rest of the parameters were considered discrete variables. This study suggests 
lowering the U- value for external walls, roof, floor and windows, from their initial 
values. This was executed through performing automatic simulation–based 
optimisation using Gen Opt software. Gen Opt automatically writes the input files for 
the simulation program, then starts the simulation program, which checks for errors 
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during this process. Gen Opt then determines the new set of input parameters for the 
next run. This process keeps repeating until the best results are achieved in the 
simulation process, as shown in Figure 2.3. However, the test house was considered 
as a single zone to reduce the required time for the simulation, while thermal mass was 
not considered in the house model, in addition to neglecting internal air movement. 
This affects the accuracy of the results. 
 
Figure 2.8: Interface between GenOpt and IDA ICE ( Hasan, Vuolle & Sirén 2008) 
 
The LCC was calculated for the case study to ensure that the proposed investment in 
the material (insulation, etc…) was economically feasible.  
The study calculated the DLCCi which refers to the difference between the proposed 
case LCCi and the reference case LCCr. A better designed house must have a DLCCi 
with a negative value. The study also indicated it was economical to construct 
buildings with higher energy efficiency when considering lifetime economy with a 
design period of 15-50 years. 
𝐷𝐿𝐶𝐶𝑖 =  𝐿𝐶𝐶𝑖 − 𝐿𝐶𝐶𝑟       (1) 
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2.5.3 AccuRate 
Accurate is a simulation software used to rate residential buildings in Australia. It is 
used to calculate annual total of hourly heating and cooling energy requirement for 
residential buildings. A star rating is given. The star rating - from 0 to 10 stars - is 
based on the sum of the annual heating and cooling requirements for the home. The 
more stars, the more comfortable and energy-efficient the home is likely to be. 
Accurate is the second generation of residential energy rating software for Australia 
from CSIRO. 
Morrissey, Moore and Horne (2011) investigated the best scenarios to achieve an 
affordable passive solar design house in a temperate climate using Accurate simulation 
tool. The study considered good orientation, location on site and landscaping changes. 
The authors claim that these parameters may potentially reduce the energy 
requirements of a typical house by 20 per cent with the passive solar design considered 
to be cost effective and, at the same time, an easy approach to minimising energy 
requirements. This study proposed two methods to ensure a better design for the house. 
First, analysis of various parameters, including floor area, glazing to wall ratio, wall 
to floor ratio and orientation on a building by building basis. Second, developing 
adaptable designs that perform well across a range of orientations through 
implementing the first stage on different houses. 
Initial samples of 100 plans of typical detached houses were sourced from developers, 
the internet and builders for a preliminary analysis. All plans were modelled with a 
brick veneer wall construction, then two scenarios were developed for each plan using 
the AccuRate simulation program. Energy loads were compared between buildings 
with different heating and cooling energy requirements. In addition, selected designs 
were modelled in a standard form and in an upgraded form. The upgraded forms were 
expected to deliver approximately a seven-star energy efficiency rating on the Building 
Code Australia (BCA). Table 2.2 lists the additional materials that were developed for 
the upgraded standard. 
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Table2.1: Design energy upgrades (Morrissey, Moore & Horne 2011) 
Performance 
scenario 
R value for 
ceiling  
(m2K)/W 
Infiltration 
control 
External 
shading 
External wall 
insulation R 
value 
Glazing 
specification 
Standard thermal 
performance 5 
stars 
R 2.0 None None R1.0/R1.5 Single glazing 
Higher thermal 
performance 7 
stars 
R3.0/R3.5 
Windows & 
doors (weather 
strips) 
 
External 
shading on 
all glazing 
 
R 2.0 
Double 
glazing 
 
It was found that the most significant variables, in terms of building thermal 
performance, were floor area, net conditioned area, external wall area, wall to floor 
area and finally glazing to wall ratio. An additional 81 sample plans were taken for 
AccuRate analysis, based on the previous findings. The simulation determined the 
required energy for the remaining seven orientations of the original northern façade. 
Both standard thermal performance and higher thermal performance models were 
considered. During the simulation, the whole house was rotated without any 
adjustment to the glazing area. However, usually the glazing area is adjusted based on 
the house orientation as it significantly influences energy consumption.   
This study observed that floor area was the most influential factor in terms of the 
difference in performance level across all orientations. It was also noticed that the 
glazing to wall ratio was not the most significant contribution to orientation 
adaptability, although statistically it was significant to both five- and seven-star energy 
ratings. The study found that small and highly efficient design houses can perform 
better than larger low efficient design houses (>250 m2) with regard to the range of 
orientation. The study also supports the conclusion that a passive solar energy efficient 
design can provide an important and low-cost step towards reducing environmental 
impact of housing.  
Peterkin (2009) also conducted a study in Western Australia on test houses with living 
spaces in a northern orientation using AccuRate. The results show that winter heating 
loads are substantially reduced in passive solar design houses. It also found that a 
reduction in summertime air conditioning use is dominated by internal thermal mass 
more than passive solar design strategies. A comparison between 34 single storey 
detached houses was developed. These houses were given a five-star energy rating 
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using approved house energy rating software (AccuRate). The test group of houses 
was created according to the following parameters: 
A. northern orientation building to maximise heat gain during winter; 
B. flooring system was concrete slab on the ground; 
C. installing roof with R 3.0 insulation material; 
D. aluminium frames with sliding clear glazed windows; 
E. 40-60 per cent the area on the windows to the wall towards the north, and 20 
per cent towards east and west; 
F. walls were shaded by eaves of 450 mm wide with facia and guttering that 
created a 600 mm shadow line; and 
G. day and night ventilation were managed by the simulation program AccuRate. 
The comparison was generated using four wall scenarios to determine the effect of 
using different materials such as brick veneer, reverse brick veneer, double brick and 
light frames. The recommendation of the study was to create a high mass construction 
to deliver reduced cooling energy requirements in summer, while passive solar design 
can greatly reduce or sometimes even eliminate the need for active heating sources 
during winter. 
The simulation results showed different outcomes for each wall type, as shown in 
Table 2.3. Passive solar design had a significant impact on the total required energy 
for heating during winter. Thermal mass also had a considerable impact on the energy 
requirement for cooling during summer. However, the energy saving strategies, such 
as advanced glazing technologies, higher performance insulation materials and 
shading strategies, can develop higher efficiency energy houses.  These strategies were 
not considered in this study and the energy loads were not, therefore, realistic. In 
addition, considering the houses as single zone units and neglecting the internal 
ventilation rates during the simulation, also affected the energy loads. 
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Table 2.3: Energy rating for various wall systems, based on building code Australia 
(BCA) 
External wall type 
Passive solar 
design 
Percentage of 
houses with 5-
star energy 
rating and 
above 
Average star 
rating 
Reverse brick veneer Yes 100 7.5 
Reverse brick veneer None 79 6.5 
Double brick veneer Yes 97 6.5 
Double brick veneer None 55 6 
Brick veneer Yes 73 6 
Brick veneer None 28 5.5 
Light framed Yes 61 6 
Light framed None 19 - 
 
Saman (2013) also examined the performance of a house located in Lochiel Park, a 
‘Green Village’ initiative of the government of South Australia using AccuRate 
simulation software. The house has a 7.5-star energy rating, based on the anticipated 
energy performance at the design stage. Sustainability features utilised in the house 
include: 
i. improved allotment design for maximum benefits from natural elements; 
ii. passive solar design with highly efficient appliances; 
iii. mandatory use of best available energy efficient appliances; 
iv. gas boosted solar hot water system; and 
v.  solar electricity (1KW per 100 m2 of floor area). 
By comparing the case study house with another Australian house in South Australia, 
which was ten years old of identical design, a significant conservation of energy was 
achieved through adopting passive solar design and improvements, as shown in 
Figures 2.4 and 2.5. The study demonstrates the effectiveness of combining passive 
solar design, energy efficient appliances and solar energy use, in reaching the goal of 
a self-sufficient homes. 
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Figure 2.9.A: Annual energy consumption in a typical Australian house (Saman 2013) 
 
Figure 2.10.B: Annual energy consumption in the case of study house (Saman 2013) 
 
Table 2.4: Energy distribution for Australian typical house and case study model 
(Saman 2013) 
System description Typical home 
energy load MJ 
Saman (2013) 
home MJ 
Savings MJ 
Water heating 21,240 8,640 12,600 
Space cooling 5,172 2,567 2,605 
Space heating 4,693 1,411 3,282 
Lighting 1,130 269 861 
Cooking 2,527 1,872 655 
Standby 2,167 745 1,422 
Other appliances 11,113 10,653 460 
Total 48,042 26,157 21,885 
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The increase in star rating from 2.5 to 7.5 stars and the use of higher efficiency heating 
appliances resulted in reducing the heating energy consumption by 70 per cent. 
Likewise, energy consumption was reduced by 50 per cent for space cooling. The 
reduction in both heating and cooling energy requirement reduces the greenhouse gas 
emissions (GHG) associated with electricity and gas consumption. The expected GHG 
emission is 0.8 tonne per annum for the 7.5-star houses, while a house with a 2.5-star 
rating produces 13.4 tonne per annum (Saman 2013). 
2.6 Knowledge gap and conceptual framework of this research 
Table 2.5 summarises the knowledge gaps identified and explores the way the current 
research work can assist overcoming some of the gaps. Reviewing the literature on 
energy conservation and building low energy residential houses has helped to identify 
the knowledge gaps. In general, studies have used energy simulation programs to 
analyse the energy performance of different buildings considering different 
parameters, like walls, orientation and HVAC, in a single zone house with one floor. 
The flooring system used in most of the previous studies was a concrete slab on the 
ground. However, old houses were built on a raised timber floor and this might 
significantly increase the energy load.  
2.7 Specific objectives 
 
This research analysed and compared the cooling and heating loads between different 
houses with different aspects, different flooring, wall systems, internal air movement 
and passive strategies using a typical Australian two-storey house plan with multi-
zones. Comparison between an old house and modern houses was conducted to 
determine the impact of the raised floor construction used in old houses. The overall 
objectives of this research are: 
1. To compare the total annual energy requirements for different 
construction systems used in NSW, Australia, namely, fibro, brick 
veneer, reverse brick veneer and double brick houses, using IDA-ICE 
software. 
2. To determine the influence of utilising PSEEDS on the buildings’ energy 
consumption. 
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3. To calculate the annual energy savings that can be achieved by 
incorporating appropriate thermal mass and PSEEDS. 
 
Table 2.5: Summery of literature review and gap analysis 
References Key parameters Simulation 
software 
Comments / gap analysis 
Bambrook, S., Sproul, A. and 
Jacob, D., 2009. Exploring the 
zero-energy house concept for 
Sydney. In Solar09 47th 
Australian and New Zealand 
Solar Energy Society Annual 
Conference, ANZSES, 
Townsville, Queensland 
 
Ventilation, infiltration 
rates, thermal mass, 
insulation  
 
IDA ICE This study considered the whole house 
a single zone and grouped the windows 
into single opening. This is a limitation 
of the study as consideration of airflow 
from different areas in the building is 
important for calculating accurate 
energy consumption.  
Considered the house as a single zone 
unit and grouping the windows to one 
side could result in different values for 
energy requirements and consequently 
different energy loads. Further 
parameters can be utilised to reduce the 
energy requirement, such as the 
building orientation with passive solar 
design 
Bambrook, S.M., Sproul, A.B. and 
Jacob, D., 2011. Design 
optimization for a low energy home 
in Sydney. Energy and 
Buildings, 43(7), pp.1702-1711. 
 
Passive solar design, 
ventilation and 
infiltration rates, 
insulation for building 
envelope, windows, 
shading and glazing area. 
IDA ICE This study considered single storey 
house with only one zone to simulate. 
The study did not consider concrete 
slab-on-ground flooring system, which 
is the common flooring system with 
brick veneer walls. Therefore, these 
results may not be realistic to apply to 
a typical double-storey house with 
multi-zones in Australia. High cost of 
SIP material (structural insulated 
panels) is also a drawback in the study 
. 
Peterkin, N. 2009. Rewards for 
passive solar design in the 
Building Code of Australia.
 Renewable Energy, 34(2), 
pp. 440-443. 
 
Orientation, insulation, 
glazing, window to wall 
ratio. 
AccuRate  The study considered the houses as 
single zone unit. Neglecting the 
internal ventilation rates during the 
simulation, will affect energy loads 
calculations. Saving strategies, such as 
advanced glazing technologies, higher 
performance insulation materials and 
shading strategies, can develop higher 
efficiency energy houses 
Saman, W.Y., 2013. Towards 
zero energy homes down 
Orientation, gas water 
heating system and solar 
AccuRate This study did not take thermal mass 
into consideration, internal air flow was 
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References Key parameters Simulation 
software 
Comments / gap analysis 
under. Renewable energy, 49, 
pp.211-215. 
 
electricity (1 KW per 
100m2 of floor area) 
also neglected. Developing higher 
thermal mass besides setting low 
infiltration rates could further reduce 
energy consumption. 
 
Morrissey, J., Moore, T. and 
Horne, R.E., 2011. Affordable 
passive solar design in a 
temperate climate: An 
experiment in residential 
building orientation. Renewable 
Energy, 36(2), pp.568-577. 
 
 
Floor area, glazing to 
wall ratio, wall to floor 
ratio and orientation 
AccuRate This study did not take thermal mass 
into consideration, internal air flow was 
also neglected. Further study on 
thermal mass and ventilation required. 
L. Zhu, R. Hurt, D. Correia, R. 
Boehm, R., 2009.  Detailed 
energy saving performance 
analyses on thermal mass walls 
demonstrated in a zero energy 
house, Energy Build., 41 (2009), 
303–310. 
 
Increasing building 
thermal mass in 
locations that have large 
daily temperature 
variations. 
 
Concrete walls against 
conventional framed 
construction 
Energy 10 USA 
 
. Flooring thermal mass was not 
considered. 
C.M. Lai, Y.H. Wang, Energy-
saving potential of building 
envelope designs in residential 
houses in Taiwan, Energies, 4 
(2011), 2061–2076. 
 
Energy saving design of 
building exteriors in 
Taiwan depends on two 
main parameters: 
thermal performance of 
the roof and window 
glazing. 
 
EQUEST 
 
(QUick Energy 
Simulation 
Tool) 
Investigate how different types of roof 
construction, window glasses and 
sunshield types affect the energy 
consumption in residential buildings 
under common scenarios 
Dong, X., Soebarto, V. and 
Griffith, M., 2015. Design 
optimization of insulated cavity 
rammed earth walls for houses in 
Australia. Energy and 
Buildings, 86, pp.852-863. 
 
Parameters are: window 
sizes, windows shading, 
the amount of thermal 
mass, the amount of 
insulation in the external 
walls. 
Optimisation is based on 
two objectives:  
1- Energy use 
reduction 
2- Life cycle 
cost 
minimisation 
AccuRate The aim of the study was to investigate 
the relationship between each 
parameter and the energy loads as well 
as total life cycle cost. However, 
internal air flow need to be considered. 
Zhou, J., Zhang, G., Lin, Y. and Li, 
Y., 2008. Coupling of thermal mass 
and natural ventilation in buildings. 
Coupling thermal mass 
and natural ventilation 
 
The author has 
developed a 
simple tool to 
Simple model (3mX3mX3m) 
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References Key parameters Simulation 
software 
Comments / gap analysis 
Energy and Buildings, 40(6), pp.979-
986 
Higher thermal mass 
helped reducing 
temperature fluctuation 
measure 
internal 
temperature  
Only orientation, thermal mass and 
natural ventilation have been 
considered. 
 
No mention of further details on the 
accuracy or the background of the tool 
(no validation as well) developed by 
the author. 
Gregory, K., Moghtaderi, B., Sugo, 
H. and Page, A., 2008. Effect of 
thermal mass on the thermal 
performance of various Australian 
residential constructions systems. 
Energy and Buildings, 40(4), pp.459-
465. 
 
Four different wall 
systems have been used. 
 
Thermal mass, shading, 
glazing and orientation 
were utilized in the study 
 
This study used external 
wall system as internal 
thermal mass storage 
which is not practical. 
 
AccuRate Simple model 6MX4M single zone. 
 
 
No internal air flow was considered 
because of the single zone. 
 
Simulating 1 day only can’t give clear 
judgment on thermal performance of 
any building. 
Santamouris, M., Sfakianaki, A. and 
Pavlou, K., 2010. On the efficiency of 
night ventilation techniques applied 
to residential buildings. Energy and 
Buildings, 42(8), pp.1309-1313. 
 
Night ventilation to 
energy contribution 
Stage 1: 10 
days 
monitoring 214 
buildings 
Stage 2: 
simulation of 
stage 1 with 
TRNSYS 
Stage 3: 
simulation of 
stage 1 but for 
a year 
Simulation the buildings without 
giving recommendation of Air flow 
rates. 
 
Results can’t be reliable as each case 
will have its own specification and 
circumstances. 
Air flow need to be coupled with 
thermal mass.  
Charron, R. and Athienitis, A., 2006. 
Design and Optimization of Net Zero 
Energy Solar Homes. ASHRAE 
transactions, 112(2). 
 
This paper has presented 
various design guidelines 
for the 
design of low and net 
zero energy solar homes 
 
1- Landscaping 
2- Floor plan ad 
orientation 
3- Thermal 
mass, 
windows size 
and shading 
devices 
 
 General guide lines for net zero energy 
solar homes.  
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References Key parameters Simulation 
software 
Comments / gap analysis 
Kull, T.M., Mauring, T. and Tkaczyk, 
A.H., 2015. Energy balance 
calculation of window glazings in the 
northern latitudes using long-term 
measured climatic data. Energy 
Conversion and Management, 89, 
pp.896-906. 
 
(1) very high insulation 
level of opaque 
constructions, 
(2) junctions with 
minimal thermal bridges, 
(3) excellent building 
quality to ensure air-
tightness, (4) ventilation 
with heat recovery, 
and (5) very high-quality 
windows 
43 years of 
temperature 
and irradiation 
data 
provided by 
Estonian 
Institute of 
Meteorology 
and Hydrology 
Good study to show the importance of 
orientation factor. However, the 
parameters need to be considered in 
different construction systems to find 
out the energy performance under 
these systems. 
Chan, H.Y., Riffat, S.B. and Zhu, J., 
2010. Review of passive solar heating 
and cooling technologies. Renewable 
and Sustainable Energy Reviews, 
14(2), pp.781-789. 
 
1- Passive solar air 
heating and natural 
ventilation via 
buoyancy effect 
2- Passive solar cooling 
via evaporative effect 
(Evaporative cooling) 
3- Passive solar: active 
solar technologies 
(orientation, structure, 
envelope, construction 
Materials) 
General 
recommendatio
n 
Natural air ventilation will have 
limited ability to keep thermal comfort 
during summer or winter. 
A study including the natural 
ventilation along with PSEEDS must 
be conducted to determine the effect of 
each parameter on a building. 
Singh, R., Lazarus, I.J. and Kishore, 
V.V.N., 2015. Effect of internal 
woven roller shade and glazing on the 
energy and daylighting performances 
of an office building in the cold 
climate of Shillong. Applied energy, 
159, pp.317-333. 
 
1- Internal shading 
devices  
2- glazing area 
Energy Plus 1- 30% glazed area to the wall is ideal. 
2- Maximum energy savings obtained 
from applying 30% window to wall 
ratio, internal shading devices and 
southern orientation. Further 
construction system should be 
considered to find out their energy 
performance. 
Taleb, H.M. and Sharples, S., 2011. 
Developing sustainable residential 
buildings in Saudi Arabia: A case 
study. Applied Energy, 88(1), pp.383-
391. 
 
Applying natural 
ventilation during winter 
to reduce the energy 
consumed by HVAC. 
The IES 
(Integrated 
Environ-mental 
Solutions) 
Windows ventilation is a draw back if 
the following factors were not 
examined: villa design and location, 
landscaping, orientation and shadings, 
stack effect. 
 
Other possible factors could help to 
reduce energy like: 
1- Using different construction system 
instead of concrete wall (high thermal 
mass). 
2- Utilizing different types of natural 
ventilation instead of windows 
ventilation. 
3- glazing and shadings 
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Chapter Three 
Research Methodology 
 
3.1 Scope and stages of this Research 
This research aims to investigate the annual heating and cooling energy performance 
of an Australian house in NSW using energy simulation software IDA ICE. Different 
house models were created to consider and analyse the effectiveness of various 
construction systems parameters and passive solar design strategies. The study 
described in this thesis was carried out in three stages, as explained below. 
3.1.1 Theoretical survey. 
In this stage, a comprehensive review of the existing literature was performed in order 
to understand problems with a model and identify resources and skills required to 
perform the research. During this part of the study, the most recent knowledge 
concerning passive solar strategies and improving of building materials was 
investigated. This stage has been completed and the gap in knowledge relevant to this 
topic was identified in Chapter 2. 
3.1.2 Designing building scenarios. 
In this research, a building (a residential house) was designed using commercially 
available software computer software (IDA ICE 2007). This house was analysed in 
various scenarios to measure total energy load using IDA ICE simulation software. 
The area of the house was 200 square metres; 20 metres long, oriented towards the true 
north; and 10 metres wide. A detached dwelling with four bedrooms and two stories 
connected by a stair case was considered. This is a typical Australian house according 
to, Australian bureau of statistics (2009). Four wall scenarios were simulated in this 
study, while 10 houses were simulated in this thesis based on different wall and/or 
flooring systems. Electricity was the only source of energy considered for each house. 
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3.1.3 Building the model through Performing parametric study.  
 
In this part of the study, 10 scenarios were analysed and simulated, based on three 
different thermal mass floor systems: high or low thermal mass floors and improved 
low thermal mass floors. Each scenario differed from other scenarios analysed in 
materials and application of PSEEDS as shown in Figure 3.3. 
Results obtained regarding energy required for heating and cooling of each model are 
presented and discussed in this chapter. Figure 3.1 describes the steps of the 
methodology adopted in this study.  
 
 
 
Figure 3.1: Parametric study processes 
 
3.1.4 Verification and validation. 
In this research the energy consumption obtained for two scenarios, namely, Scenarios 
2 and 3 are compared with the energy consumptions of corresponding real houses.  
Google map of two houses considered for the validation are shown in Figure 4.3. The 
simulation results of two different houses made of fibro house and brick veneer house 
have been carried out on detached houses in NSW, Australia. Energy consumption 
from electricity bills from the period of 18th February 2016 until the 17th of February 
2017 has been collected for both the houses. The cooling and heating energy for the 
actual houses have been considered to be compared with the simulated data without 
considering the energy for appliances and equipment including refrigeration, cooking 
and lighting. Total built up area of the actual house is calculated to be 198m2 with 
Data input by setting 
the specifications for:
walls, roof, windows 
and glazing, flooring, 
orientation, insulation, 
and HVAC.
Build model in IDA-
ICE.
Run the energy 
simulation process. 
Analyse simulation 
results.
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northern orientation as shown in Figure 4.3. As the floor areas of the test and real 
houses differed, energy consumption per unit area (kWh/(yr.m2)) were computed and 
compared. 
The second case of this validation was to compare the annual electricity consumption 
of an actual brick veneer house normally occupied by a family of four members, this 
house have single glazed windows with no shading devices. Against the electricity 
consumption of the results obtained for the test brick veneer house with wall insulation 
R-value of 3.2 (m2K)/W) and single glazed windows with U-value of 5.8 W/(m2K) 
and no internal thermal mass. Roof were also insulated with R-2.5 W/(m2K) insulation. 
Total built up area of the actual house is 122 m2.  
 
3.2 Occupant Behaviour 
Occupant behaviour was set for a working family of four members. It was assumed 
that occupants would be out of the house from 8:00hr to 15:00hr EST. Half the 
occupants were assumed to be inside the house from 15:00hr to 17:00hr during 
weekdays. All occupants were assumed to be inside the house during weekends. This 
behaviour was applied to the house’s air handling unit (AHU) system and window-
integrated devices (Bambrook et al 2011). Sydney weather data for the simulation was 
obtained from the American Society of Heating, Refrigerating and Air-conditioning 
Engineers (ASHRAE) database (IDA ICE 2014).
3.3 The Test house 
One of the main objectives of this study is to identify the difference in energy 
consumption between a modern house with a concrete slab on the ground and an old 
house with fiber-cement sheet walls (commonly known as ‘fibro’) and raised timber 
flooring then to determine how to improve the energy performance of old fibro houses 
through improved flooring in addition to PSEEDS. Comparing the results of this study 
with other construction systems (such as reverse brick veneer and double brick) was 
vital to identify energy performance figures for all construction types in the market. 
Electricity was considered as the only source of energy for the house. Six zones (three 
zones on each floor) were considered for the simulation. Tiled flooring was used for 
the brick veneer house and timber flooring for the fibro house. Roofing for both houses 
was considered to be terracotta tiles. Standard insulation with an R-value of 2.5 
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m2K/W was used to insulate the external walls. The main living room, with a high 
window-to-wall ratio, was oriented towards the north. Windows were minimised on 
the southern, eastern and western sides of the house to reduce unwanted solar heat 
gain. Details of the construction methods used for the walls and floors of the simulated 
test houses can be found in Wilkie (2011). as shown in Figure 3.2. This is in contrast 
to the houses studied previously by Hasan, Vuolle & Sirén (2008); Bambrook, Sproul 
& Jacob (2009) and Bambrook, Sproul & Jacob (2011) as a single zone unit without 
considering the effect of internal air movement. 
 
Figure 3.2: Test house with multi-zones 
Test house parameters were based on standard building materials used widely in the 
industry (Wilkie 2011). Main differences between the two test houses are shown in 
Table 3.1. 
 
Table 3.1 Test houses specifications 
Parameters Modern house  Old-style house  
Floor Concrete slab on 
ground 
Timber raised 
floor  
Roof Terracotta roof Terracotta roof 
External walls Brick veneer Fibro walls 
Windows Double glazing Single glazing 
 
In addition, existing studies on other wall scenarios using different floor systems were 
investigated. This will allow analysis of suitable materials to optimise energy 
performance for any residential building in Sydney. Passive solar strategies were 
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considered for each improved scenario to determine the effect on total energy loads. 
Passive solar parameters considered in the simulation were orientation, windows and 
glazing, thermal mass, insulation and ventilation. These parameters were considered 
based on Hollo’s (2011) recommendations for good design strategies.  
The test houses were designed to face the north. This orientation is essential for 
maximising solar heat gain during winter while controlling solar heat gain in summer. 
Moreover, windows and glazing contribute to energy conservation. Windows can be a 
major source of unwanted heat gain in summer and heat loss in winter. Up to 40% of 
a home’s heating energy can be lost and 87% of its heat gained through glazing (Inglis 
2013). Thermal mass was varied for each scenario in the simulation based on the 
construction system of the model. Thermal mass can store heat from the sun when 
needed and provide a heat sink in warm weather. In addition, insulation thickness with 
different R-values for walls was analysed. Finally, ventilation, infiltration and internal 
air circulation within the house were monitored for all scenarios.  
3.4 Structure of the simulation scenarios 
To evaluate the energy performance of different construction systems, the following 
factors were considered during design and simulate the 10 scenarios: 
1) Floor system (high thermal mass floors against low thermal mass floors). 
2) Standard wall construction systems, as discussed earlier (Wilkie 2011). These 
walls varied from low to high thermal mass, and 
3) The influence of PSEEDS on total energy consumption. PSEEDS implemented 
in this study were limited to glazing systems, shading devices and ventilation 
with infiltration rates. All models used were oriented towards the north to 
examine the effect of PSEEDS on each model’s total energy consumption. The 
structure of these scenarios is described in Figure 3.3.  
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Figure 3.3: Structures of the scenarios 
 
. Simulations were run to measure the performance of the total energy use for each 
scenario. A standard common roof was used for each scenario.  
3.4.1: (Scenario 1), standard test house with low thermal mass floor 
system (fibro). 
The test house in this scenario was a standard fibro house, designed on a raised timber 
subflooring system, with single glazed windows and no integrated shading devices. 
This house was constructed using a lightly insulated fibro construction system and was 
considered as an old fibro house. It was a 200 square metre house with two floors 
connected with a stair well, with a total built up area of 400 square metres. The house 
was designed on a raised timber subflooring system with a height of 90 centimetres. 
This type of flooring is considered as a low thermal mass flooring system according to 
the Building Code of Australia (Inglis 2013). The house had single glazed windows 
with wooden frames and no internal integrated shading devices. The house was 
considered to have a normal air conditioning system. Its infiltration rate was assumed 
to be a normal rate of 10 ACH, based on studies conducted by Bambrook, Sproul and 
Jacob (2009).  
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This house was designed to have a living room that opens to a landscaping towards the 
north, with no external shading devices to block unwanted heat gain during summer 
or maximise heat gain in winter. Since Australia is located to the south of the equator, 
a northern orientation is ideal in designing any house in the country. Four windows 
were considered on the southern side of the house, two for each side (eastern, western). 
A large window on the ground floor on the northern side of the house, along with 
another three windows on the first floor on the same side, have been installed. Based 
on consideration of all given specifications in IDA ICE software, a simulation was 
conducted to determine the annual energy load required for heating and cooling the 
house. Sydney’s weather data for the simulation was obtained from the ASHRAE 
database (IDA ICE 2007). Specifications of this house are outlined in Table 3.2. 
 
 Table 3.2 Specifications for test house in Scenario 1 
 
3.4.2: (Scenario 2), improved test house with low thermal mass floor 
system (fibro). 
The test house in this scenario was designed on a raised timber subfloor system with 
fibro. This test house would be considered a low thermal mass house according to the 
construction codes (Inglis 2013). A double-glazing system was utilised, with a 12-
millimetre air gap in between the two glass panels, each four millimetres thick. Low 
infiltration rates were considered. This model represents an old fibro house which has 
been upgraded through use of building materials to enhance energy efficiency (for 
example, glazing, integrated window shading, and a heating, ventilation, and air 
conditioning (HVAC) system). 
This test house was a standard detached house with an area of 200 square metres and 
with a northern orientation. It had two floors connected with a stair case. Internal air 
movement between the two floors of the house and between different zones was 
Building parameters Description of parameters Thickness and specifications 
External walls Fibro walls 6mm fibre sheets with light 
insulation 
Glazing Single glazing 4mm 
U-value: 5.8 W/(m2K) 
Shading devices Integrated window shading 
devices 
No shading devices 
Ventilation and infiltration AHU Set to occupant behaviour 
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considered. The house had a low thermal mass flooring (a raised timber floor. Internal 
integrated shading devices have been added to the windows to improve the thermal 
performance of the house by blocking unwanted heat gain during summer, while 
maximising heat gain in winter. These shading devices were set to operate according 
to occupant behaviour as well as the time of the year. 
The house had an air conditioning. The infiltration rates were reduced to the minimum 
value of 0.5 ACH, based on advice from Feist (2009) to create an air tight environment, 
improving thermal performance and reducing heat losses within the building. This 
house was designed to have a living room that opened to a landscaping towards the 
north, with an external shading device that blocked unwanted heat gain during summer 
while maximising winter sun exposure. Occupant behaviour was set for a working 
family of four members. Occupants behaviour that were mentioned in section 4.4 are 
implemented. The simulation was conducted considering all the data related to this 
design. Sydney weather data for the simulation was obtained from the ASHRAE 
database (IDA ICE 2007). In Table 3.3, the measures taken into consideration while 
improving the house specifications are noted. 
 
Table 3.3: Specifications for test house in Scenario 2 
 
3.4.3: (Scenario 3), improved test house with high thermal mass floor 
system (brick veneer). 
The model in this scenario was designed on a concrete slab on the ground, with a high 
thermal mass and brick veneer wall system. An improved glazing system with two 
layers of four-millimetre glass and a 12-millimetre air gap in between the glass panels 
was used. Integrated internal window shading devices were used. Window shadings 
were set to operate based on the occupant behaviour (section 3.2). The building was 
designed to have an air tight environment with an infiltration rate of 0.5 air changes 
Building parameters Description of parameters Thickness and specifications 
External walls Fibro walls 6mm fibre sheet with light insulation 
Glazing Double glazing 4mm–12mm gap (4mm) 
U-value: 2.9 W/(m2K) 
Shading devices Integrated window shading 
devices 
Internal blinds set to open based on 
occupant behaviour 
Ventilation and infiltration AHU  Infiltration rates of 0.5 ACH 
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per hour (ACH). The model in this scenario was designed on a concrete slab on the 
ground, which has a high thermal mass, with a brick veneer wall system. External 
shading devices were added to block unwanted heat gain during summer while 
maximising heat exposure in winter. The two floors of the house were connected with 
a stair case. Internal air movement between the different zones of the house was 
considered during the simulation. The specification of the house is illustrated in Table 
3.4.  
Table 3.4: Specifications for test house in Scenario 3 
Building parameters Description of parameters Thickness and specifications 
External walls Brick Veneer 250mm with light insulation 
Glazing Double glazing 4 mm–12mm gap (4mm) 
U-value: 2.9 W/(m2K) 
Shading devices Integrated window shading 
devices 
Internal blinds set to open based 
on occupant behaviour 
Ventilation and infiltration AHU Infiltration rates of 0.5 ACH  
 
3.4.4: (Scenario 4), standard test house with high thermal mass floor 
system (brick veneer). 
 
The model in this scenario was a standard brick veneer model designed on a concrete 
slab on the ground, with windows oriented towards the north and a single glazed panel. 
No integrated shading device was installed. The AHU was programmed to 
accommodate occupant thermal comfort (inglis 2013). This test house was standard 
brick veneer and designed on a concrete slab on the ground. This floor system is 
considered as a high thermal mass flooring (Inglis 2013). Thermal mass is a dominant 
factor that helps a flooring system to store heat and release it gradually, helping to 
regulate temperature within the house and reduce thermal loads for heating and 
cooling. The house’s living room was orientated towards the north with large windows. 
Single glazing was utilised on all the house’s windows. The house had a 200 square 
metre area with double storeys connected with a stair case. The internal air movement 
between the zones of the house was considered during the simulation. The house was 
considered to have a normal air conditioning system. Its infiltration rate was assumed 
to be normal, at 10 ACH, based on studies by Bambrook, Sproul and Jacob (2009). No 
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internal or external shading devices were installed in any part of the house. In Table 
3.5, the specifications of the test house are shown. 
Table 3.5: Specifications for test house in Scenario 4 
Building parameters Description of parameters Thickness and specifications 
External walls Brick veneer 250 mm with light insulation 
Glazing Single glazing 4 mm 
U-value: 5.8 W/(m2K) 
Shading devices Integrated window shading 
devices 
No shading devices 
Ventilation and infiltration AHU  Set to occupant behaviour 
 
3.4.5: (Scenario 5), improved test house with high thermal mass floor 
system (reverse brick veneer). 
The model in this scenario had a system of reverse brick veneer walls constructed on 
a concrete slab on the ground, which is higher in thermal mass than raised timber floor. 
The model was designed to have double glazed windows along with integrated shading 
devices set to work based on occupant behaviour. Low infiltration rates system was 
included to minimise the energy required for heating and cooling.  
Table 3.6: Specifications for test house in Scenario 5 
Building parameters Description of parameters Thickness and specifications 
External walls Reverse brick veneer 230 mm 
Glazing Double glazing 4 mm–12mm gap (4mm) 
U-value: 2.9 W/(m2K) 
Shading devices Integrated window shading devices Internal blinds set to open based 
on occupant behaviour 
Ventilation and 
infiltration 
AHU  Infiltration rates of 0.5 ACH 
 
3.4.6: (Scenario 6), standard test house with high thermal mass floor 
system (reverse brick veneer). 
For this model, brick veneer walls designed on a concrete slab on the ground were 
used. No PSEEDS were used in this scenario. Normal windows with no shading 
devices were used, as well as an AHU set to provide thermal comfort based on 
occupant behaviour. Normal infiltration rates were considered. 
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Table 3.7 Specifications for test house in Scenario 6 
Building parameters Description of parameters 
Thickness and 
specifications 
External wall Reverse brick veneer 230 mm 
Glazing Single glazing 4 mm 
U-value: 5.8 W/(m2K) 
Shading devices Integrated window shading devices No 
Ventilation and infiltration AHU  Set to occupant 
behaviour 
 
3.4.7: (Scenario 7), improved test house with high thermal mass floor and 
walls system (double brick). 
Another high thermal mass construction system was simulated in this scenario. Double 
brick veneer walls were used, with cavity insulation designed on a concrete slab 
subfloor on the ground. The model was improved by using a double-glazed window 
system with a 12-millimetre air gap between two glass panels, each with four 
millimetre thickness. Windows were covered with integrated shading systems set to 
operate according to occupant behaviour. Low infiltration rates were considered. 
Table 3.8 Specifications for test house in Scenario 7 
 
3.7.8: (Scenario 8), standard test house with high thermal mass floor and 
walls system (double brick). 
In this scenario, double brick walls were designed on a concrete slab on the ground 
system, without application of PSEEDS. Single glazed windows with no shading 
devices were used, along with an AHU designed to provide thermal comfort for the 
test house.  
 
 
Building parameters Description of parameters 
Thickness and 
specifications 
External walls Double brick 260 mm 
Glazing Double glazing 4mm–12mm gap 
(4mm) 
U-value: 2.9 W/(m2K) 
Shading devices Integrated window shading devices Internal blinds  
Ventilation and infiltration AHU Infiltration rates of 0.5 
ACH 
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Table 3.9: Specifications for test house in Scenario 8 
Building parameters Description of parameters Thickness and specifications 
External walls Double brick 260mm 
Glazing Single glazing 4mm 
U-value: 5.8 W/(m2K) 
Shading devices Integrated window shading 
devices 
No shading devices 
Ventilation and infiltration AHU Set to occupant’s behaviour 
 
 
3.4.9: (Scenario 9), standard fibro house with better flooring system. 
A standard fibro house was used in this scenario. It was designed on a raised timber 
subflooring system. Single glazed windows were used, with no integrated shading 
devices. No heat recovery system was installed. A normal infiltration rate was 
assumed. This test house was built using the same construction system as the fibro 
house previously discussed in Section (3.4.1). However, this house was assumed to 
have tile flooring with proper insulation from underneath to increase thermal 
performance of the flooring system as well as reduce infiltration rates. 
Table 3.10: Specifications for test house in Scenario 9 
Building parameters Description of parameters Thickness and specifications 
External walls Fibro walls 6mm fibre sheets with light insulation 
Glazing Single glazing 4mm 
U-value: 5.8 W/(m2K) 
Shading devices Integrated window shading 
devices 
No shading devices 
Ventilation and 
infiltration 
AHU Set to occupant behaviour 
 
3.4.10: (Scenario 10), improved fibro house with better flooring system. 
The test house in this scenario was designed on an improved raised timber subfloor 
system with fibro walls. The windows of this improved house had integrated shading 
devices that were set to operate based on the occupant behaviour. A double-glazing 
system was utilised, with a 12-millimetre air gap in between two glass panels, each 
four millimetres thick. Low infiltration rates were considered based on an efficient 
heat recovery system (Feist 2009). This model was designed to simulate an old fibro 
house that had been upgraded through use of improved building materials (such as 
window glazing, integrated window shading, and a heating, ventilation and air 
 Chapter three                                                                                                         Research methodology
   
   
 
49 
 
conditioning (HVAC) system) as well as improving the performance of the flooring 
system. 
Table 3.11: Specifications for test house in Scenario 10 
Building parameters Description of parameters Thickness and specifications 
External walls Fibro walls 6mm fibre sheet with light insulation 
Glazing Double glazing 4mm–12mm gap (4mm) 
U-value is 2.9 W/(m2K) 
Shading devices Integrated window shading 
devices 
Internal blinds set to open on 
occupant behaviour 
Ventilation and 
infiltration 
AHU Infiltration rates of 0.5 ACH 
 
3.5 Conclusion 
This research has presented the effectiveness of combining affordable passive solar 
strategies with thermal mass to reduce the total energy load of residential buildings in 
New South Wales, Australia. Four types of houses were studied comprising: 
 
1. Fibro house with passive solar design strategies (standard fibro house); 
2. Fibro house without passive solar design strategies (improved fibro house); 
3. Brick veneer house with passive solar design strategies (standard brick veneer 
house); and 
4. Brick veneer house without passive solar design strategies (improved brick 
veneer house) 
Fibro house was considered to be of raised timber floor with plaster board walls and 
brick veneer house was considered to be with a concrete slab on the ground and brick 
veneer walls.  
 
Results indicate that the energy load for any building can be reduced significantly if 
passive solar design strategies (PSDS) are adopted, which include: 
1. Double glazing system with insulation; 
2. Internal shading devices; and 
3. Improved ventilation and infiltration rates. 
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Chapter Four 
Energy simulation models for residential 
buildings 
4.1 Introduction  
Fibro houses were built in Australia following the First World War, when Australian 
government officials promoted increased construction of housing in response to rapid 
population growth. There arose a need for a new housing construction system that was 
easy to build, quick to install and user friendly. At that time, fibro was a revolutionary 
product. It was fire proof, durable, easy to mobilise and a material with good thermal 
performance. For these reasons, builders and homeowners across Australia chose to 
use fibro in construction. Fibro was utilised to build new houses, renovate old houses, 
and to build holiday houses. Fibro systems that contained asbestos were widely used 
in Australia for many decades after 1914. By the 1960s, fibro was so popular it had 
been used in almost 20% of all houses in Australia at that time. This fibro system was 
a fibre sheet that was reinforced with asbestos, which at that time was not classified as 
a dangerous material. The dangers of asbestos have been well documented during the 
last three decades. Today, use of asbestos is prohibited in Australia following the 
discovery of the link between exposure to asbestos and several types of cancer in the 
1980s. 
In Australia, asbestos in old homes continues to pose dangers to human health. 
Asbestos sheeting may begin to break down over time in older homes. When asbestos 
sheeting breaks down, asbestos fibres are released into the air and are easily inhaled. 
Today, fibro walls still remain in use in Australia’s construction industry, however, 
fibro sheets used these days for ceilings and walls are reinforced with cellulose rather 
than asbestos, making modern fibro a construction system that is safe for human 
health. 
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Brick veneer construction systems have been widely used as a building method in 
Australia since 1936. Australia’s first known brick veneer house was built in Geelong, 
Victoria, in 1903. However, until around 1930, brick veneer construction systems were 
not considered sufficiently reliable for banks to approve building loans for brick veneer 
homes. After the discovery of asbestos-related diseases in the 1980s, brick veneer was 
widely used in building new houses. From 1993 to 1994, 67% of new dwellings in 
Australia were built using brick veneer. By 1999, brick veneer was the most popular 
form of house construction in Australia. This development marked a significant change 
in Australia’s building industry (Inglis 2013). 
  
Figure 4.1 Brick veneer house (Inglis 2013) 
 
Figure 4.2 Old fibro house (Inglis 2013) 
The main aim of analysing the energy performance of different houses is to 
demonstrate the relative advantage in terms of energy conservation of houses with 
different construction systems and thermal mass. To this end, test houses selected for 
this study were detached dwellings with a floor area of 200 square metres, two levels 
and four bedrooms. A series of scenarios were analysed based on two different 
subflooring construction systems. Different compositions of walls, integrated shading 
devices, thermal mass, orientation, glazing, ventilation and infiltration rates were 
considered in each scenario. Internal air movement between the two floors of the house 
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was simulated in each scenario by calculating air movement through the model’s 
staircase. These analyses were carried out using commercially available off-the-shelf 
building energy simulation software (IDA ICE 2007). Energy savings over the life 
span of the building were computed and compared against other models that had no 
passive solar design strategies.  
In this chapter, two groups of models were presented based on the thermal performance 
of the models’ flooring. These two groups featured concrete slab flooring on the 
ground, which has a high thermal mass, or timber raised flooring, which has a low 
thermal mass. From these two groups, four scenarios were created using different types 
of wall systems that are commonly used in the building industry as discussed in section 
3.4 in chapter three. 
The results of four scenarios will be discussed in this chapter. Comparison will be 
made between an old fibro house with timber raised floor and brick veneer house with 
concrete slab flooring on the ground. Two scenarios were for each model. The first 
scenario was a standard house scenario, while the second scenario was a house with 
modifications to improve energy efficiency. The improvement process included 
building materials, as well as application of PSEEDS and HVAC systems. Finally, 
energy requirements for heating and cooling for each scenario will be presented and 
compared to evaluate the energy performance of different construction systems during 
the year. In this process, it is aimed to highlight the need to adopt a construction system 
that is more environment-friendly than construction systems that are widely used in 
Australia at present. 
The IDA ICE computer software program was used to calculate and analyse annual 
energy loads for heating and cooling of the test houses. This program can produce a 
wide range of results based on consideration of several parameters. The program offers 
great flexibility in selecting building model components, including walls, floors, 
subflooring systems, window glazing, orientation, thermal mass, integrated shading 
devices, occupant behaviour and internal air movement. Energy requirements for each 
house were calculated for one year and then compared for each model. IDA ICE offers 
a whole-year detailed and dynamic multi-zone simulation application for the study of 
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indoor climates and energy. Physical models used in IDA ICE reflect the latest 
research and best models available, and results compare well with measured data. 
4.2 Creation of the core model 
In this study, two typical Australian houses, namely fibro and brick veneer, were 
analysed using IDA-ICE computer software (2007). The area of the test houses was 
200 square metres for each floor, or 400 square metres in total; 20 metres in length, 
oriented towards the true north; and 10 metres in width. The test house was considered 
to consist of four bedrooms and two storeys connected through a staircase. Electricity 
was considered as the only source of energy for the house. Six zones, with three zones 
on each floor, were considered for simulation. Sydney’s climate is categorised as 
temperate, with mild winters (Climate Zone 5 in Australia’s National Construction 
Code), and has about 104 sunny and cloud-free days each year. Average minimum 
temperature in the winter months of June through to August hovers around nine 
degrees Celsius. The summer season lasts from December to February, with an average 
temperature of 25 degrees Celsius (Bureau of Metrology 2017). Sydney’s latitude and 
longitude are 33°86’S and 151°21’E, respectively, with average elevation of 39 metres 
above sea level (Bureau of Meteorology 2017). The city has warm, sometimes hot 
summers and mild winters, with no extreme seasonal differences as the weather is 
moderated by proximity of the ocean. 
4.3 Selections of the variants 
Four scenarios were simulated in this study based on two different construction types: 
fibro and brick veneer. These scenarios were developed and analysed using IDA-ICE 
to calculate total energy consumption under each scenario. Based on typical 
construction, tiled flooring was used for the brick veneer test house and timber flooring 
was used for the fibro test house. Roofing for both test houses was considered to be 
terracotta tiles with an R-value of 2.5 (m2K)/W. The main living room, with a high 
window-to-wall ratio, was oriented towards the north, facing the equator. Windows 
were minimised on the south side of the house, as well as east and west sides to reduce 
unwanted solar heat gain. Wilkie (2011) outlines details of construction methods for 
walls and floors used to build the test houses.  
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4.4 Key data and assumptions 
It was assumed that four occupants were living in each test house. Sydney’s weather 
data (Climate Zone 5) for the simulation was obtained from ASHRAE from the IDA-
ICE database (IDA-ICE 2014). 
As shown in Figure 4.2, four scenarios were developed for simulation. These scenarios 
were developed considering the following factors: 
1. Floor system (low thermal mass vs. high thermal mass). 
2. Wall system (low thermal mass vs. high thermal mass), and 
3. PSEEDS.  
PSEEDS implemented in this study were limited to glazing systems, shading devices, 
ventilation and infiltration rates. These PSEEDS are described in Table 4.1. In this 
study, it was assumed that occupants would behave responsibly while operating 
HVAC systems and other PSEEDS measures. Consideration of cultural differences 
and household incomes was outside the scope of this research. Occupant behaviour 
was set for the house during the whole week throughout the year as mentioned in 
section 3.2. 
4.5 Selection of validation dwellings 
In this study, energy consumption obtained for two scenarios, namely Scenario 2 and 
Scenario 3, were compared with energy consumptions of corresponding real houses. 
Google Maps views of two houses considered for the validation are shown in Figure 
4.3, which shows one fibro and one brick veneer house. Both houses were located in 
Sydney, New South Wales (NSW), Australia. Main features of the two houses are 
summarised in Table 4.2. Energy consumption from electricity bills from the period 
of 18 February 2016 until 17 February 2017 were collected for both houses. Energy 
required for cooling and heating for the actual houses was calculated from total energy 
consumption using the data given in Energy Rating Australia (2018). This information 
was then compared with the simulated data. Based on the parameters mentioned in 
Table 4.1, the actual fibro house with four people living in it was classified as an 
improved fibro house, as it included PSEEDS. This house had double glazing with 
internal and external shading devices. As such, its annual electricity bills were 
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compared with the total energy consumption of an improved fibro simulated house. 
The total built up area of the actual house was calculated at 198 square metres, with a 
northern orientation as shown in Figure 4.3. As the floor areas of the test and real 
houses differed, energy consumption per unit area (kWh/(yr.m2)) was computed and 
compared. 
Table 4.1 Description of PSEEDS applied to Test houses 
Building parameters House with PSEEDS 
House without 
PSEEDS 
Glazing Double glazing (4 mm 
glass, 12 mm air gap, 4 
mm glass) 
U-value: 2.9 W/(m2K) 
Single glazing (4 mm) 
U-value: 5.8 W/(m2K) 
Shading devices Internal integrated 
window shading devices 
No shading devices 
Ventilation and 
infiltration 
Infiltration rates of 0.5 
ACH  
Normal infiltration rates 
of 2 ACH 
 
The second stage of this validation was a comparison of the annual electricity 
consumption of an actual brick veneer house normally occupied by a family of four 
people. This house had single glazed windows with no shading devices. Based on 
comparison of Tables 4.1 and 4.2, the actual brick house was considered a standard 
brick veneer house as PSEEDS was not used in its design and operation. The total built 
up area of the actual house was 122 square metres. 
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Figure 4.3 Site plan for actual houses 
 
Table 4.2 Description of actual houses  
 
Improved actual 
fibro house 
Standard actual brick veneer house 
Built up area (m2) 
198 122 
No. of storeys 2 1 
House orientation 
Northern 
orientation 
North-eastern orientation with low 
access to direct sun light 
Suburb Pendle Hill, NSW Pemulwuy, NSW 
External building 
system 
Fibro with R-value 
of 1.2 (m2K)/W 
Brick veneer with R-value of 3.2 
(m2K)/W 
Flooring 
Raised timber 
floor with R-value 
of 1.06 (m2K)/W 
Insulated concrete slab on ground with 
R-value of 4.3 (m2K)/W 
Windows to floor 
ratio 
19% 18% 
Northern living room 
window size (m2) 
13.8 9 
 
4.6 The test houses 
Simulation results for the four scenarios that were discussed in section 4.2 are 
presented and discussed in the following sections.  
4.6.1 Fibro test house (Scenario 1 and Scenario 2) 
The main aim of simulating an old fibro house with raised timber flooring was to 
calculate and analyse total energy loads required to achieve thermal comfort for the 
occupants. The fibro house had wall insulation with an R-value of 1.2 (m2K)/W and 
roof insulation with an R-vale of 2.5 (m2K)/W. The U-value of the house’s double 
glazed windows was 2.9W/(m2K), while the U-value of the house’s single glazed 
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windows was 2.9W/(m2K), with no internal thermal mass. Another objective of this 
simulation was to compare the fibro test house’s energy consumption with that of other 
test houses. After developing a standard fibro test house, two scenarios were developed 
as described in Figure 3.3. These were Scenario 1 (without PSEEDS) and Scenario 2 
(with PSEEDS). Corresponding houses were termed as ‘standard fibro house’ and 
‘improved fibro house’, respectively. Distinctions between the house with PSEEDS 
and without PSEEDS are further identified in Table 4.3. For each scenario, annual 
energy requirements for heating and cooling were calculated using IDA-ICE software. 
4.6.2 Brick veneer test house (Scenario 3 and Scenario 4) 
As indicated in Figure 4.4, under Scenario 3 and Scenario 4, a brick veneer house with 
a concrete slab on the ground was simulated using IDA ICE. This house was simulated 
to have wall insulation with an R-value of 3.2 (m2K)/W and roof insulation with an R-
value of 2.5 (m2K)/W. The house’s double glazed windows had a U-value of 
2.9W/(m2K), while the U-value of its single glazed windows was 2.9W/(m2K), with 
no internal thermal mass. Under Scenario 3, a standard brick veneer house without 
PSEEDS (Table 4.4) was simulated. An improved test house was simulated under 
Scenario 4, which included PSEEDS. The simulation was carried out for both houses 
by considering Sydney weather data obtained from ASHRAE and based on yearly 
energy consumption for heating and cooling. 
4.7 Simulation results and discussion 
The IDA ICE computer software program was used to calculate and analyse the annual 
energy loads for heating and cooling of the test houses. The results obtained regarding 
annual energy consumption for heating and cooling were produced in kWh/yr and 
(kWh/yr.m2) for comparison purposes. These results were determined based on the 
house’s total built-up area mentioned earlier in section 4.2. 
4.7.1 Scenario 1 (improved fibro house with raised timber floor) and 
Scenario 2 (standard fibro house with raised timber floor). 
 
Simulation results obtained from IDA ICE indicated that an 82% reduction in total 
heating loads were achieved, while only an 11% reduction in total cooling loads was  
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noted as shown in Table 4.3. These findings indicate that strategies applied to the 
improved model were more effective in reducing heat loads during winter than in 
reducing cooling loads in summer.  
Table 4.3 Energy loads for standard fibro house and improved fibro house  
System 
description 
Energy loads of standard fibro 
house for Scenario 2 
Energy loads of improved fibro 
house for Scenario 1 
kWh/yr (kWh/yr).m2 kWh/yr (kWh/yr).m2 
Electric cooling 16652 41.6 14886 37.2 
Electric heating 14069 35.17 2558 6.4 
Total 30721 76.8 17444 43.6 
 
Results from Table 4.3 indicate a 45% reduction in total annual energy consumption, 
which was achieved by applying PSEEDS to an existing building. This was done 
mainly by upgrading the house’s glazing panels, adding integrated shading devices, 
and lowering infiltration rates.  
Considering most Australian houses have single glazed and unshaded windows 
(Saman 2013), an opportunity exists to reduce the total energy consumption of these 
houses by applying these parameters through general renovation processes. Further 
studies are required to devise strategies that can further reduce the annual cooling loads 
and increase the thermal mass of such houses. Thermal mass is the key factor that 
allows reduction of cooling loads in a dwelling. Thermal mass was increased at later 
stages of other scenarios by changing the building construction system used (walls and 
floor). 
4.7.2 Results and discussion for Scenario 3 (improved brick veneer house 
with concrete slab on ground floor) and Scenario 4 (brick veneer house 
with concrete slab on ground). 
Unlike fibro houses, the brick veneer system used in these scenarios had higher thermal 
mass properties (Inglis 2013). Increasing thermal mass had a significant effect on 
reducing cooling loads compared to the low thermal mass house considered in this 
study (that is, the old fibro house). In Scenario 4, a standard brick veneer house 
(described earlier in section 3.4 in chapter three) with a concrete slab on the ground 
was simulated using IDA ICE. The house model in Scenario 3 was improved by 
upgrading the glazing system from single to a double glazing. Integrated shading 
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devices were installed on all windows in the model and set to operate according to 
occupant behaviour, as described in Section 3.2. The simulation process was 
conducted for both houses by considering Sydney’s weather data and yearly energy 
consumption. 
The results presented in Table 4.4, which were obtained from the simulation process, 
indicate that a significant reduction (47%) in annual energy consumption was achieved 
by applying these changes to the standard model. However, a greater reduction in 
annual heating loads of 91.3% was achieved compared to a slight improvement in 
annual cooling loads (8.2%).  
Table 4.4 Energy loads for standard brick veneer house and improved brick veneer 
house 
 
Peterkin (2009) referred to thermal mass as the dominant factor in reducing energy 
consumption required for summer cooling. In contrast, PSEEDS have less influence 
on reducing cooling loads during summer. 
Comparing the results of the four scenarios explains the effect of applying PSEEDS 
on models with identical thermal masses. PSEEDS greatly reduced the total annual 
energy required for heating. The energy savings in total heating loads achieved by 
applying PSEEDS on the fibro house were 82%. Energy savings in total heating loads 
were 91% for the brick veneer house. Moreover, increasing the thermal mass property 
of the test house significantly reduced annual cooling and heating loads. This was 
demonstrated in the comparison of the results of Scenario 1 and Scenario 3, where 
both models shared the same layout, and PSEEDS, where the scenarios had different 
thermal mass values. This difference in thermal mass reduced the total energy required 
for cooling the house by 44%, compared to an 8.2% reduction in heating loads due to 
PSEEDS, which were applied to the same model. However, by comparing Scenario 2 
and Scenario 4, it was found that applying higher thermal mass in Scenario 4 reduced 
System 
description 
Energy loads: standard brick 
house for Scenario 4 
Energy loads: improved brick house 
for Scenario 3 
kWh/yr (kWh/yr).m2 kWh/yr (kWh/yr).m2 
Electric cooling 10749 27.2 9866 24.6 
Electric heating 9100 23.0 792 2.0 
Total 19849 50.2 10658 26.6 
 Chapter four                              Simulation study comparing an old fibro house and a modern brick 
veneer house in New South Wales, Australia 
 
   
 
60 
 
the total energy required for heating and cooling by 35.5% and 36.5%, respectively. 
Consequently, it can be concluded that PSEEDS have an insignificant impact on 
cooling load, compared to thermal mass value, which affects both heating and cooling.  
4.8 Monitoring of inside and outside temperatures during winter and 
summer days 
In order to conduct further analysis of the observed results, several graphs (Figures 4.4 
to 4.7) showing inside and outside temperatures were plotted for selected days during 
winter and summer. Seven typical winter days, 6 June to 12 June, were selected. On 
the other hand, seven typical summer days (10 January to 16 January) were selected. 
These selected days represent peak winter and summer days, respectively, in a typical 
year. The temperatures plotted were based on conditions without HVAC operation. 
In Figures 4.4 and 4.5, inside (living room) and outside temperatures are shown for 
fibro and brick veneer test houses during winter with and without PSEEDS, 
respectively. Comparing the brick and fibro houses, the temperature in the living room 
was subjected to relatively higher fluctuations in the fibro house. This result can be 
attributed to the higher thermal mass in the brick house. As a result of this higher 
thermal mass, heat gained in the day time was not easily lost in the night time in the 
brick house. This factor explains why significantly less energy was required for 
heating in the brick house. While comparing each house’s temperature fluctuations 
with and without PSEEDS, it can be seen that there are higher fluctuations without 
PSEEDS, which explains the higher energy requirements for heating without 
PSEEDS. 
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Figure 4.4 Inside (living room) and outside temperatures for the test house with 
PSEEDS (no HVAC in operation) 
 
Figure 4.5 Inside (living room) and outside temperatures for the test houses without 
PSEEDS (no HVAC in operation) 
In Figures 4.6 and 4.7, inside (living room) and outside temperatures are presented 
during typical summer days for the test houses with and without PSEEDS, 
respectively. As can be seen in these figures, inside temperature in the fibro house 
appeared to follow the temperatures outside. On the other hand, the inside temperature 
for the brick veneer house remained stable. This finding is explained by the lower 
cooling energy requirements of the brick veneer house compared to the fibro house 
(Table 4.3 and Table 4.4). After comparing the performance of both houses with and 
without PSEEDS, no major differences were found. Inside temperatures for both 
houses varied in a similar way with and without PSEEDS. As a result, there were fewer 
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energy savings between the houses with and without PSEEDS as far as cooling was 
concerned. 
 
Figure 4.6 Inside (living room) and outside temperatures for the test houses with 
PSEEDS (no HVAC in operation) 
 
Figure 4.7 Inside (living room) and outside temperatures for the test houses without 
PSEEDS (no HVAC in operation) 
Overall, brick veneer houses (standard and improved) in this study performed well in 
terms of thermal performance, maintaining moderate room temperatures better than 
the fibro houses (whether standard or improved).  
4.9 Energy savings 
Comparing Tables 4.3 and 4.4, a significant reduction in annual energy consumption 
can be observed for the brick veneer house compared to the fibro house. This reduction 
was achieved because the brick veneer house with a concrete slab on the ground had 
higher thermal mass than the fibro house with timber flooring. Thermal mass acts as 
thermal storage, absorbing summer heat during the day and releasing it by night 
°C
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through cooling breezes. During winter, thermal mass absorbs heat from the sun, 
releasing it into the house in the night. This helps to keep the house’s indoor 
temperature comfortable. Further, as the fibro house’s timber floor was elevated above 
the ground, a significant amount of air leakage was expected in Scenario 1 and 
Scenario 2. Comparing the results presented in Tables 4.3 and 4.4, it can be found that 
a reduction of 44% (5020 kWh/yr) could be achieved in cooling energy consumed by 
the brick veneer house over the fibro house with elevated floor. This can be attributed 
mainly to the higher thermal mass of the brick veneer house. On the other hand, a 70% 
(1766 kWh/yr) reduction in heating energy requirements could be obtained for the 
brick veneer house (Scenario 4) compared to the fibro house (Scenario 2). This amount 
of energy conservation in heating load is due to the difference in the houses’ thermal 
mass factor, as both houses are similar in other aspects.  
On the other hand, an improved brick veneer house (Scenario 4) consumes the least 
energy for heating and cooling. The savings between various test houses are 
schematically shown in Figure 4.9. As shown in this figure, energy savings can be 
achieved through modern building structures, as well as application of PSEEDS to the 
house. Simulation results show that applying PSEEDS as described in Table 4.1 to an 
old fibro house and new brick house effectively reduced cooling and heating loads by 
43% and 46%, respectively (Figure 4.9). Moreover, it was observed that thermal mass 
is a dominant factor that effectively reduces a house’s cooling and heating energy 
loads. Increasing the thermal mass of the fibro house by applying higher thermal mass 
flooring (that is, a concrete slab on the ground) significantly reduced the cooling and 
heating loads of the standard and improved houses by 35% and 39%, respectively. 
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Figure 4.8: Relationship between energy savings and different parameters 
Based on the energy values presented in Table 4.5, it can be seen that calculation errors 
between both actual and simulated houses were within the tolerance limit of ± 16%. 
The percentage of error between the standard brick veneer simulated house and 
standard brick veneer actual house was 8.2%. On the other hand, the error percentage 
between the improved fibro actual house and improved fibro simulated house was 
15.6%. According to Aghdaei (2017), who conducted research on a residential house, 
an acceptable difference in annual energy consumption between an actual house and a 
simulated house (using a simulation programme) is up to 16% of energy values. Hence, 
simulated results presented in this paper are acceptable. 
Table 4.5 Annual energy comparison 
System description Annual heating and cooling Percentage of 
error 
% kWh/yr kWh/(yr.m
2) 
Standard brick veneer 
house (actual) 
6647 54.7 
8.2 
Standard brick veneer 
house (simulated) 
19849 50.2 
Improved fibro house 
(simulated) 
17444 43.6 
15.6 
Improved fibro house 
(actual) 
8019 40.5 
 
  
  
Standard fibro 
house 
Improved fibro 
house 
Standard brick 
veneer house 
Improved brick 
veneer house 
Reduction of 13277 kWh/yr 
43% 
Reduction in energy consumption 
through PSEEDS 
Reduction 
of 10872 
kWh/yr 
(35%) 
Reduction in 
energy 
consumption 
through 
increasing 
thermal  
mass 
Reduction of 9191 kWh/yr 
(46%) 
Reduction in 
energy 
consumption 
through 
increasing 
thermal  
mass 
Reduction 
of 6786 
kWh/yr 
(39%) 
Reduction in energy consumption 
through PSEEDS 
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Further, demonstrating the accuracy of IDA ICE as a simulation tool during different 
seasons by validating annual heating and cooling loads might not be possible. 
Therefore, results of this study have been further analysed on a quarterly basis in 
Figure 4.9 to determine the efficiency of IDA ICE analyses at different times of the 
year.  
 
Figure 4.9: Energy comparison between actual and simulated houses  
 
4.10 Lifecycle costing 
Lifecycle costing of energy usage for all four scenarios was carried out using net 
present value (NPV) calculations, which were computed using Equation 1.  
𝑁𝑃𝑉 =  ∑ {
𝐹(1+𝑖)𝑗
(1+𝑟)𝑗
} −  
𝑆𝑉
(1+𝑟)𝑛
𝑛
𝑗=0        (1) 
Where, F – future energy costs calculated using the current market value, $; 
    i – inflation rate (as a fraction); 
    r – discount rate (as a fraction); 
    n – life of the building considered in the analysis.  
Table 4.6 Economic parameters 
Parameter Value 
Discount rate 4% (RBA, 2017) 
Inflation rate 2.5% (inflation rate, Australia) 
Life period 50 years 
Power cost $0.278/kWh (NSW electricity price) 
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Table 4.7 NPV of energy consumption (50 years) 
Test house NPV (AUS$) 
Standard fibro house (without PSEEDS) 249,551 
Improved fibro house (with PSEEDS) 158,701 
Standard brick house (without PSEEDS) 161,236 
Improved brick house (with PSEEDS) 103,895 
 
Using the economic parameters listed in Table 4.6, NPV for all four scenarios were 
calculated. These values are listed in Table 4.7. Closer inspection of Table 4.7 
indicates that the NPV of energy costs over a 50 year period for the standard fibro 
house was the highest compared to other houses. However, incorporating PSEEDS 
into a standard fibro house reduced the NPV of energy consumption by 43% (Figure 
4.9). Replacing the fibro house with a brick veneer house with better thermal properties 
further resulted in an additional saving of 39% in energy costs (Figure 4.9). Thus, 
overall, incorporating PSEEDS and materials with better thermal properties in the 
construction of a typical residential house in Sydney can yield an energy cost saving 
of about 65%. Incorporating PSEEDS and materials with higher thermal mass in 
residential building construction can yield significant savings in energy costs over the 
considered lifetime of 50 years. 
4.11 Conclusions 
In this research, evidence has been presented to show the effectiveness of combining 
affordable passive solar strategies with thermal mass to reduce the total energy load of 
a typical residential building in NSW, Australia 
Based on the results of simulations in this study, it can be seen that applying PSEEDS 
to fibro and brick houses effectively reduced the total energy required for cooling and 
heating by 43% and 46%, respectively. It was also observed that thermal mass is a 
dominant factor that effectively reduces cooling and heating energy loads. Increasing 
the thermal mass of a house (for example, by using a concrete slab for flooring and 
using brick veneer walls) can significantly reduce cooling and heating energy 
requirements of both standard and improved houses by 35% and 39%, respectively. 
Hence, a brick veneer house is more energy efficient than a fibro house. If a brick 
veneer house is built incorporating PSEEDS, it is possible to reduce energy 
consumption by 65% compared to a standard fibro house. To validate the results 
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obtained from the simulations in this study, energy consumption figures obtained from 
the simulation were compared with the actual energy consumption of real houses. The 
energy consumption between actual and simulated houses was within acceptable limits 
of 10% during each quarter. 
Based on NPV calculations in Table 4.7, of the energy savings between different 
houses, it was observed that the maximum saving in energy cost could be realised 
between standard fibro and improved brick veneers houses. This saving was calculated 
as A$200,286 over a 50 year assumed building life. Incorporating PSEEDS in the 
construction of fibro and brick veneer houses can yield energy cost savings of 
A$107,851 and A$74,253 over a 50 year period, respectively. In addition, energy 
savings will have positive environmental effects, particularly in terms of reduced 
greenhouse gas emissions and resource utilisation.  
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Chapter Five 
Energy performance of different 
construction systems 
5.1 Objectives of this chapter 
 
Different types of building materials are used in combination to build roofs, walls and 
floors in houses. These combinations are referred to as construction systems. Each 
construction system has advantages and disadvantages depending on the surrounding 
weather zone, availability of raw materials and the house’s distance from source of 
supply, owner's budget, maintenance requirements and, finally, the desired 
architectural design of the building. 
In this study, the energy consumption of several residential scenarios was investigated 
using various strategies, such as passive solar energy. Other features that were 
incorporated into residential scenarios included external walls and floor systems. 
These systems influence the total energy required to attain thermal stability in a 
residential house. Increasing a building’s thermal mass through utilisation of 
appropriate wall and flooring systems is a technique that is vital in constructing 
thermally efficient buildings. Thermal mass can be defined as the ability to store heat 
from the ambient air and later release it to the internal area of the house (Dong, 
Soebarto, & Griffith 2015). It is also notable that increasing the thermal mass of a 
residential building may yield significant savings in total energy costs over a 
considered lifetime of 50 years. The residential building sector, therefore, has 
substantial potential to facilitate emission reductions and energy conservation. 
This study aimed to analyse and compare the cooling and heating loads of five types 
of Australian houses: fibro, brick veneer, reverse brick veneer, double brick, and fibro 
with modified flooring. An additional two configurations were considered for each of 
these houses. Cooling and heating loads of old fibro houses built more than 50 years 
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ago were compared and analysed, along with more modern construction systems like 
brick veneer, reverse brick veneer and double brick (widely used in the last 25 years) 
and, finally, a fibro house with an upgraded flooring system. In addition, PSEEDS 
were considered while formulating different scenarios. 10 configurations were 
generated based on different flooring and wall systems, with different R-values, 
internal air movement figures, and PSEEDS. All houses considered were two-storey 
and divided into six zones for HVAC-based heating and cooling. The study context 
was the southern temperate region of Australia (Climate Zone 5) where the climate 
requires winter heating. In summary, the specific objectives of this study were as 
follows: 
1. To compare the total annual energy requirements of fibro, brick veneer, 
reverse brick veneer, fibro with better flooring and double brick houses 
using IDA-ICE software. 
2. To determine the influence of utilising PSEEDS on the buildings’ energy 
consumption, and 
3. To calculate the annual energy savings that can be achieved by 
incorporating appropriate thermal mass and PSEEDS. 
 
5.2 Creation of the core model. 
In this research, test houses were designed and analysed using (IDA-ICE) 2007. This 
computer software program was used to calculate and analyse the annual energy loads 
for both heating and cooling of the test houses that were described in chapter four 
(section 4.2). 
5.3 Selection of variables. 
In this study, 10 scenarios were simulated based on four different construction types 
(fibro, brick veneer, reverse brick and double brick). The test house shown in Figure 
3.2 (chapter three) consisted of four bedrooms and two storeys connected by a 
staircase. Details of the test house were described in chapter three (section 3.3).  
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5.4 Key data and assumptions. 
It was assumed that there were four occupants living in the test house. The analysis 
included consumption of energy for space heating and cooling. Sydney weather data 
for the simulation was obtained from the ASHRAE database available in IDA-ICE 
(2007). 
As shown in Figure 3.3, 10 scenarios were developed for simulation. These scenarios 
were developed considering the following factors: 
1. Floor system (low thermal mass vs. high thermal mass). 
2. Wall system (low thermal mass vs. high thermal mass), and 
3. Passive solar design strategy (PSEEDS). 
The PSEEDS implemented in this study were limited to the parameters of orientation, 
glazing system, shading devices, ventilation system and infiltration rates (Table 4.1). 
These scenarios were designed using the standard building materials of fibro, brick 
veneer, reverse brick veneer and double brick. The standard houses in these scenarios 
were assumed to have single-glazed windows with no shading devices and normal 
infiltration rates between the house and the outside environment. Additionally, 
improved scenarios were simulated, consisting of double glazed windows with 
integrated shading devices (internal blinds) that opened based on occupant behaviour. 
External shading devices are used to control solar gain during winter and summer and 
to reduce infiltration rates. In addition to improvements in the PSEEDS, further 
upgrades were implemented to the fibro house to create an improved model with a 
better flooring system. This upgrade involved tiled flooring with an additional layer of 
insulation to increase the thermal mass of the floor system, resulting in improved 
energy performance. Occupant behaviour was set for the house on a weekly basis as 
discussed in section 3.2: 
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5.5 Selection of validation dwellings. 
In this study, the simulated energy consumption for two scenarios, namely Scenario 1 
(fibro house with PSEEDS) and Scenario 4 (brick veneer house with PSEEDS), were 
compared with the energy consumption of corresponding real houses. The simulated 
energy consumption rates were verified with real data and found to be within a 
tolerance limit of 16%, as shown in Table 4.2 in chapter four. 
Aerial views of the two houses considered for validation are shown in Figure 4.3. In 
the figure, the house on the left corresponds to the Scenario 1 house and the one on the 
right corresponds to Scenario 4. The main features of the two houses are summarised 
in Table 4.2. Energy consumption was calculated for both houses based on electricity 
bills covering the period 18 February 2016 to 17 February 2017.  
In this research, the effectiveness has been assessed of combining affordable passive 
solar strategies with thermal mass to reduce the total energy requirements of residential 
buildings in NSW, Australia. As shown in Figure 3.4, 10 scenarios were investigated. 
5.6 Results and discussion 
The simulation results for 10 construction scenarios are presented and discussed in the 
following sections. In Table 5.1, the heating and cooling energy requirements for each 
of the 10 scenarios are summarised, along with energy saving differences between 
standard and improved construction systems. 
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Table 5.1 Simulated results for different houses 
Construction scenario Heating 
kWh/yr 
Cooling 
kWh/yr 
Energy 
required for 
heating and 
cooling 
kWh/yr  
Energy 
savings 
due to use 
of 
PSEEDS 
Scenario 1 - improved 
fibro house  
3255 16281 19537 
37% 
Scenario 2 - standard fibro 
house 
14069 16652 30721 
Scenario 3 - improved 
brick veneer house  
2497 10292 12789 
36% 
Scenario 4 - standard brick 
veneer house  
9100 10749 19849 
Scenario 5 - improved 
reverse brick veneer house 
2359 7269 9628 
43% 
Scenario 6 - standard 
reverse brick veneer house 
8802 8063 16865 
Scenario 7 - improved 
double brick house 
2236 8282 10518 
43% 
Scenario 8 - standard 
double brick house 
9097 9209 18306 
Scenario 9 - improved 
fibre with better flooring  
2989 13965 16954 
35% Scenario 10 - standard 
fibro house with better 
flooring 
11727 14260 25987 
 
5.6.1 Reverse brick veneer house (Scenarios 5 and 6). 
Reverse brick veneer is a construction system in which brickwork is exposed to the 
inside of the house and a timber panel is placed on the external side of the wall. The 
timber panel and brick layer are separated by studs and provide insulation with a R-
value of 3.4 (m2K)/W. This can produce high-performing buildings with lower than 
average energy demands for heating and cooling. As shown in Table 5.1, it was found 
in this study that the standard reverse brick veneer house consumed about 43% more 
energy than the improved reverse brick veneer house. As shown in the results 
presented in Table 5.1, which were obtained from the simulation process, a significant 
reduction in annual heating and cooling energy consumption (43%) was achieved by 
applying PSEEDS to the standard reverse brick veneer house. However, a greater 
reduction in annual heating loads (73%) was achieved compared to the slight 
improvement in annual cooling loads (10%). Comparing these results with the results 
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of the brick veneer house in Table 5.4, it can be observed that the standard reverse 
brick veneer house consumed about 15% less energy than the standard brick veneer 
house. The improved reverse brick veneer consumed 25% less energy compared to the 
improved brick veneer house. These savings resulted from the brick layer being 
reversed to form the internal layer of the wall, increasing the thermal mass of the walls. 
These results are in line with a similar study commissioned by Australian Government 
(Inglis 2013). 
5.6.2 Double brick house (Scenarios 7 and 8). 
In double brick construction, two parallel layers of brick wall are separated by air 
cavity. This reduces thermal transmission and prevents moisture being transferred 
directly from the outside wall face to the interior of the building. Two scenarios of 
houses with double brick walls with R-value of 3.5 (m2K)/W and concrete slabs with 
a R value of 4.3 (m2K)/W on the ground were simulated using IDA-ICE. ASHRAE 
weather data for Sydney was selected from the simulation program (IDA ICE 2007) 
and used in the simulation. The improved double brick house had the minimum heating 
energy requirement of all the scenarios. As shown in Table 5.1, it was found that the 
standard double brick house consumed 43% more energy than the improved double 
brick house. However, a greater reduction in annual heating load (75%) was achieved 
compared to a slight improvement in annual cooling load (11%). Comparing these 
results shows that the reverse brick veneer house consumed less total energy than the 
improved and standard double brick houses by nine and eight percents, respectively.  
5.7 Comparison between all scenarios. 
The simulated fibro houses had raised timber floor sand the brick veneer (result 
presented in chapter four), reverse brick veneer and double brick houses had concrete 
slabs on the ground. The flooring system of the fibro houses was improved by adding 
tiles and insulation. 
Based on the results of this study, the total energy load for any building can be reduced 
significantly if PSEEDS are adopted. Through the results of this simulation, it has been 
shown that applying PSEEDS to the test houses in this study effectively reduced the 
total energy required for cooling and heating, as shown in Figure 5.1. 
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Figure 5.1 Comparison of energy consumption between simulated scenarios 
It was also observed that thermal mass is a dominant factor in reducing cooling and 
heating energy loads. Increasing the thermal mass of a house, for example by using a 
concrete slab for flooring and/or different building materials like brick veneer, reverse 
brick or double brick walls, can significantly reduce cooling and heating energy 
requirements. However, utilising reverse brick veneer walls reduces energy 
consumption further, as the thermal mass of the walls is increased by the internal brick 
layer. Moreover, the house with double brick walls (which have a greater thermal mass 
than the walls of the other houses) required more annual energy than the reverse brick 
veneer house, but less energy than the brick veneer and fibro houses. Hence, the 
reverse brick veneer house was the most energy efficient, as shown in Figure 5.2. This 
means that increasing the thermal mass in construction system will have a negative 
impact on energy consumption at certain limit. However, in reverse brick veneer house 
the internal layer of brick (higher mass) helped in improving the annual cooling and 
heating energy requirements compared to other scenarios. This leads to an important 
finding that it is important to design a construction system which helps to reduce 
cooling and heating energy requirements rather than keep increasing building thermal 
mass and then increase energy requirements for cooling and heating.  
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Figure 5.2 Annual energy consumption (kWh) for test houses 
 
5.8 Fibro with better flooring (Scenarios 9 and 10) 
Scenario 9 and Scenario 10 were created by improving the flooring of the test houses 
used in Scenarios 1 and 2, respectively. The flooring was improved by adding a layer 
of tiles on the top of timber flooring with a layer of insulation in between. This helped 
to increase the thermal performance of the flooring system while reducing infiltration 
rates. IDA-ICE was then used to determine the heating and cooling loads of the test 
houses under Scenario 9 and Scenario 10. It was found that the fibro house with better 
flooring had a significantly lower annual energy requirement for heating and cooling 
(up to 45%) compared to the standard fibro house, as shown in Figure 5.3. 
 
Figure 5.3 Annual energy consumption (kWh) for fibro house scenarios 
5.9 Lifecycle costing 
Lifecycle costing of energy usage for all 10 scenarios was carried out using NPV 
calculations, which were computed using Equation 1, section 4.10 
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Using the economic parameters listed in Table 4.6, the NPVs for all 10 scenarios were 
calculated (Table 5.2). These costs include only the energy consumed for heating and 
cooling over the assumed building life of 50 years period. Analysis of Table 5.2 
indicates that the NPV of the energy cost over a 50 years period for the standard fibro 
scenario was the highest of all the scenarios. However, incorporating PSEEDS to a 
standard fibro scenario reduced the NPV of energy consumption by 37%. Additional 
savings were observed when applying PSEEDS to the other scenarios, as the improved 
brick veneer house saved over 36% of the NPV of the annual energy consumed by the 
standard brick veneer house. 
As expected, the reverse brick veneer house exhibited a significant reduction in NPV 
for the heating and cooling energy consumed after applying PSEEDS. This is in 
consistent with the energy consumption reduction observed for reverse brick veneer 
house. It recorded an NPV saving of 43%, while savings for the double brick house 
over 50 years were also 43%. Thus, overall, incorporating PSEEDS and materials with 
better thermal properties in the construction of typical residential houses in Sydney 
can yield an energy cost saving of about 43%. Comparing the NPV savings for the 
fibro scenarios with typical and improved flooring, and considering the cost required 
to upgrade flooring, which is $12,500 for tile flooring and an insulation system 
according to construction rates in (Service Seek 2018), it was found that some savings 
could be achieved by upgrading a house’s flooring system. . The higher thermal mass 
of flooring with better insulation results in NPV savings of 6% for standard scenarios 
and 12% for improved scenarios.. Thus, incorporating PSEEDS and materials with 
higher thermal mass in residential building constructions can yield significant savings 
in energy costs over the considered lifetime of 50 years. In Table 5.2, NPV values for 
each scenario are shown. 
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Table 5.2 NPV of energy consumption over 50 years 
Test house NPV (AU$) 
Scenario 1 - improved fibro scenario (with PSEEDS) 158,701 
Scenario 2 - standard fibro scenario (without PSEEDS) 249,551 highest 
Scenario 3 - improved brick scenario (with PSEEDS) 103,895 
Scenario 4 - standard brick scenario (without PSEEDS) 161,236  
Scenario 5 - improved reverse brick scenario (with PSEEDS) 78,209 lowest 
Scenario 6 - standard reverse brick scenario (without PSEEDS) 136,996 
Scenario 7 - improved double brick scenario (with PSEEDS) 85,439  
Scenario 8 - standard double brick scenario (without PSEEDS) 148,702  
Scenario 9 - improved fibro with better flooring scenario (with 
PSEEDS) 
137,719 
Scenario 10 - standard fibro with better flooring scenario (without 
PSEEDS) 
211,096  
 
5.10Conclusion 
Essentially, buildings should be designed to blend well with the environment. Passive 
designs have been applied in varying contexts of the building process to take advantage 
of the climate and maintain thermal comfort for occupants. Applications of effective 
passive design strategies for buildings start with identification of the climate zone. For 
example, the northern orientation in NSW maximises exposure to the sun and, hence, 
reduces the heating requirements during the winter periods of the year. During the hot 
periods in summer, blocking the sun minimises the energy that is required for cooling 
houses and major buildings.  
Based on the NPV results in the cost-benefit analysis provided in this study, the 
improved reverse brick veneer house had the lowest NPV out of ten scenarios. This is 
due to the internal layer of the wall being brick, which helps to reduce annual cooling 
and heating consumption. Also, incorporating PSEEDS in the construction further 
reduces energy consumption. The improved reverse brick veneer scenario performed 
better than the most common improved brick veneer system by 24%. Moreover, its 
energy savings were significantly higher compared to old improved fibro houses in 
Australia. Fibro houses consume 68% more energy than the corresponding reverse 
brick veneer houses over a 50-year lifespan. From these results, it can be concluded 
that reverse brick veneer houses are more energy efficient over their lifetime. 
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Also, it was found that increasing the thermal mass of and existing fibro house can 
result in significant energy savings. Upgrading the flooring of standard fibro house 
resulted in saving of AUD$ 20,982over 50 years lifetime. While, upgrading the 
flooring in the improved fibro house reduced AUD$ 38,455 over 50 years lifetime. 
These results can be considered as a quick solution which leads to reduce annual 
cooling and heating energy for old fibro houses in NSW, Australia. 
 
Chapter six                                                                                         conclusions and recommendations 
 
 
79 
 
Chapter Six 
conclusions and recommendations 
6.1 summery  
Many new residential buildings throughout Australia now incorporate sustainable 
design practices in order to both offset the threats of climate change and reduce annual 
energy consumption. One way this is achieved is by using passive solar design 
strategies to reduce the reliance on electricity. With careful consideration of 
orientation, glazing ratios, insulation and airtightness the operational costs of a 
building can be reduced while providing a comfortable environment for the building 
occupants. 
Passive Solar Design uses the energy of the sun to offset active heating systems in an 
energy efficient manner. Similarly, passive cooling strategies also embrace natural 
resources and entail greener solutions, like using shading to reduce the demand for 
mechanical cooling and improve the effectiveness of natural ventilation strategies. 
Careful planning, from the earliest stages of design, is essential when it comes to 
effectively designing passive design strategies.  
This thesis consists of simulation studies of houses with different construction system 
in Australia. First, a model has been developed using energy simulation software IDA 
ICE. The model was validated with two real houses by comparing the annual electricity 
bills and then applied to different construction systems of a test house.  
  
Chapter six                                                                                         conclusions and recommendations 
 
 
80 
 
6.2 Conclusions  
The outcomes of the simulation cases on various test houses conducted in this 
research are summarized as follow: 
• Essentially, buildings should be designed to blend well with the surrounding 
environment considering orientation. 
• Applications of passive solar design strategies for buildings start with 
identification of the climate zone. For example, a northern orientation in NSW 
maximises exposure to the sun, reducing heating requirements during the 
winter months. During the hotter summer months, blocking the sun minimises 
the energy that is required to cool houses and buildings. 
• Old fibro houses flooring can be improved further. This according to the 
simulation could result in annual energy savings up to 45% in favour of the 
improved flooring house. 
• Based on the net present value (NPV) results obtained in this study, the 
improved reverse brick veneer house had the lowest NPV among the 10 
scenarios. 
• Thermal performance of the reverse brick veneer house is better than other 
construction system due to the internal layer of the wall being brick, which 
helped to increase the wall’s thermal performance. 
• Incorporating PSEEDS further reduced energy consumption. This includes 
utilizing double glazing for the windows, external and internal shading devices 
and finally ventilation and infiltration rates for each house. 
• The improved reverse brick veneer house performed better than the most 
commonly constructed improved brick veneer house by 24% of the annual 
energy consumed. 
• The energy savings from improved reverse brick veneer house were 
significantly higher compared to old improved fibro houses in Australia. 
Reverse brick veneer houses consumed 68% less energy than fibro houses over 
the assumed life of 50 years for a building. 
Based on the conclusion of the research, contractors and building owners can rely 
on the results obtained to guide them during building a new house or retrofitting 
an existing one. PSEEDS does play an important role in reducing the annual energy 
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cost required for cooling and heating for a dwelling. From the results obtained and 
discussed in Figure 4.8, we can observe a reduction of 46% of the total cooling and 
heating energy required for that particular house. Moreover, thermal mass can also 
be a dominant factor in reducing the cooling and heating energy. Comparing the 
energy reduction between an old fibro house and an improved reverse brick veneer 
house, did show a reduction of 68% in favour of the improved reverse brick veneer 
house. However, retrofitting an existing old fibro house through upgrading the 
floor of the house with a higher thermal mass (concrete flooring), also resulted in 
a reduction of 24% in the annual cooling and heating energy required. From all the 
above findings, it can be concluded that combining good PSEEDS with the right 
thermal mass during the designing a new house or retrofitting an existing one, can 
save huge amount of cooling and heating energy bills and less carbon footprint. 
 
6.3Recommendation for Future Studies and limitation 
• This research shows that thermal mass performed effectively in reducing the 
annual energy consumption in residential houses. However, in this study 
different thermal mass values for walls were considered while thermal mass 
for roofs were same for all houses. Further studies are advised to consider 
improving thermal mass for roofs through various strategies, like using phase 
changing materials (PCM), to determine the potential savings that could be 
achieved from improving roofs thermal performances. This can be highlighted 
as a limitation in this study. 
• Passive solar and Energy Efficiency Design Strategies (PSEEDS) utilized in 
this study were limited to improving windows glazing, internal and external 
shading devices and ventilation & infiltration rates. Further studies are 
recommended to study the influence of installing a heat exchanger with the 
HVAC system in the house and compare the annual energy consumption of the 
house. 
• Future research should include design of landscaping to improve the cross 
ventilation. It will be interesting to investigate the effect of cross ventilation on 
the thermal comfort and energy consumption. Ventilation could improve 
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thermal comfort which in turn may lead to reduction in the energy 
consumption. 
• Future studies can also examine the effect of allowing solar heat through roofs 
directly into living rooms. 
•  Although this work includes some validation analysis in terms of useful ness 
of IDA-ICE simulation software, it is recommended to carry out more rigorous 
analysis on its useability and accuracy.  
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